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Introduction 


Abstract. Global linkage regulation of pharmaceutical products has emerged 
under intense political pressure to balance effective patent enforcement over 
new and innovative drugs with the timely market entry of lower-priced 
generic competitors. The United States was the first jurisdiction to institute 
linkage in 1984, following which time pressure was brought to bear on other 
countries to do so through inclusion of linkage terms in various free-trade 
agreements. Canada was the second jurisdiction to bring in linkage as part of 
its perceived obligations under NAFTA and TRIPS. It has now been over two 
decades since the regulations were enacted and to date there has been little 
objective assessment as to whether the regulations have, in fact, stimulated 
innovation and timely generic entry. This book describes the public health 
implications of the evolution of pharmaceutical linkage worldwide, with a 
particular focus on empirical studies of the scope of linkage between drug 
approval and drug patenting. A major goal of the work was to probe in detail 
the specific legal nexus between the innovative character of new and follow- 
on drugs approved by domestic regulators, the scope of intellectual property 
protection afforded to these drugs under the linkage regulations, the effect of 
linkage on the timing of generic entry, and the impact of linkage on public 
health. The implications of the data for the legal legitimacy of pharmaceutical 
linkage as an emerging intellectual property paradigm are discussed in light 
of the public policy goals to stimulate new and innovative drug development 
while also facilitating the timely entry of generic products as well as leading 
patent law jurisprudence. 


Keywords: introduction, pharmaceutical linkage, drug approval, dru 
y p 8 8 app 8 
patenting, innovation, access to essential medications 


Prompt and affordable access to essential medicines is a significant compo- 
nent of most domestic and global models of public health, and is central to 
the goal of ensuring value for money regarding drug costs and expenditures. 
The availability and costs of new and generic drugs is a function both 
of traditional patent law incentives and emerging linkage regulations in 
conjunction with food and drug laws. 
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Patent law is a well described,' if controversial,? policy lever for 
stimulating the development of new drugs. Linkage regulations tie generic 
drug availability to existing drug patents by connecting approval to the 
resolution of patent validity or infringement.‘ All patents listed by a brand 
manufacturer on a patent register must be demonstrated in litigation to be 
either invalid or not infringed by the generic drug in order for market entry 
to occur. This can result in long and costly litigation, the costs of which are 
ultimately borne by consumers.* The alternative is that generics do not gain 
market entry, and that brand firms continue to enjoy patent monopolies on 
products until all relevant patents expire, thus reducing access to affordable 
essential medications in both developing and developed nations. 

The patent system has been in operation for about 500 years, with early 
patent laws in Italy and the United Kingdom.® By contrast, the linkage 
regime has only been in existence for about 25 years following the passage 
of Hatch-Waxman in the United States in 1984’ and the Canadian Patented 
Medicines (Notice of Compliance) Regulations in 1993.8 Up until recently, 
North America was the only economic region where generic entry and drug 
access were explicitly tied to existing brand-name drugs through linkage 
regulations. In both jurisdictions, the linkage regime was brought in explicitly 
to balance the competing policy goals of stimulating the development of new 
and innovative drugs and the timely entry of generic drugs.’ 


1.1 The emergence of global pharmaceutical linkage 


As discussed above, compared with the patent system, the linkage regime 
represents a novel and emerging intellectual property paradigm for protecting 
pharmaceutical inventions. Nevertheless, by 2010, we were witnessing a rapid 
spread of the linkage regime on a global level. This is due to a growing number 
of Free Trade Agreements (FTAs) involving the US.!° Recent agreements include 
Trade Related Aspects of Intellectual Property Rights (TRIPS), '! as well as 
narrower multilateral and bilateral agreements with Canada and Mexico, 
Australia, and Korea,!* among others. The latter agreements require 
participating nations to incorporate linkage and other intellectual property 
provisions in their patent systems in exchange for preferential trade terms!® and 
are increasingly negotiated outside the purview of the World Trade Organization 
(WTO). As these provisions provide stronger intellectual property protection for 
drugs than provided for by TRIPS, they are referred to as ‘TRIPS-Plus.”!” Indeed, 
the European Commission (EC) has recently reported numerous instances where 
member nations have attempted to institute pharmaceutical linkage regimes even 
though EU law prohibits the same.!8 
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The implications of pharmaceutical linkage for global public health are 
potentially immense. For example, recent empirical work has shown that 
the Canadian linkage regime can extend cumulative patent terms for high- 
value pharmaceuticals by as much as twofold.!? This is consistent with 
early predictions of the potential impact of pharmaceutical linkage by 
Schondelmeyer,?° based on his work with the US Hatch-Waxman linkage 
regime.?! An additional concern is that the extension of market exclusivity 
on brand drugs (and thus prolonged monopoly pricing) occurs even though 
up to 50-75% of the patents challenged in Canada and the US may be 
either invalid or not infringed by the generic equivalent when challenged on 
the merits.” A related issue is that costs of prolonged litigation are known 
to be passed on to consumers,” with differential costs to governments and 
the public in accordance with their system of drug reimbursement,”* public 
health, public-private discourse, and health equity.?”? This creates a 
conflicting system where governments with linkage regimes that limit the 
timely appearance of generics also depend on these firms to produce cost 
savings and limit the growth in pharmaceutical expenditures. 

Considerations such as these must be balanced against the need for 
innovative drugs in developed and developing nations, the presumption 
favoring the validity of patents in most developed nations,*® and data 
suggesting that enhanced national research and development activities can 
increase national productivity and prosperity,” as well as the idea that if 
the state grants a party an exclusive right, in this case an intellectual 
property right, it cannot turn around and grant a third party permission to 
invade that right without just cause. 

In addition to shaping the marketplace for brand and generic drugs, 
intellectual property protection for pharmaceuticals has become a 
controversial cog in the global machine of providing individuals with 
essential medications, in both developed*® and developing?! nations. 
Canada, like a host of developed nations, has attempted to play a key role 
in the global effort to provide underserved populations with essential 
medications through its Access to Medicines Regime,** but with less success 
than anticipated to date.” Moreover, and perhaps more importantly, up to 
this point effort has been focused primarily on the limits of traditional 
patent law,*4 with emerging forms of patent law such as pharmaceutical 
linkage receiving considerably less attention. 

A related observation is that while the concept of pharmaceutical linkage 
is relatively new compared to the patent system, there is already significant 
pressure to broaden it beyond drug approval to include linkage between 
patent rights and other regulatory aspects of drug approval and marketing.*> 
As such, the perceived success of drug approval-drug patenting linkage may 
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operate as a ‘template’ for the expansion of the concept of linkage. In this 
regard, the basket of a given nation’s global trade obligations clearly 
represents an expansive notion of linkage compared to the relatively 
discrete nexus envisioned between drug patents and the marketed products 
against which they are listed when linkage first came into force.*° 

For example, the EC Pharmaceutical Sector Inquiry?” recently articulated 
a broad basket of pharmaceutical linkage practices, including linkage of 
patent status to formal legal proceedings between parties; patent settlements; 
and interventions before national drug regulators regarding market 
approval, drug pricing, and reimbursement.** An evolving landscape such 
as this raises the question of whether the pharmaceutical industry is using 
linkage as an expansive stepping stone in its efforts to reach across global 
borders. Moreover, a growing number of legal disputes have been reported 
whereby countries without linkage regulations have attempted to import or 
export drugs and the shipments have been seized by other nations alleging 
that these shipments are in violation of domestic patent laws linked to 
international trade instruments?’ such as TRIPS or other FTAs.*° 

In addition to being extended beyond the drug approval nexus, the 
linkage regime may also be serving as a model for the development of other 
systems of intellectual property protection. For example, the legal mechanism 
currently being developed for the regulation of follow-on biologics*! 
appears to be a hybrid of traditional patent law, pharmaceutical linkage 
regulation, and data exclusivity regimes.” 

Linkage regulations in respect of therapeutic products have therefore 
quietly emerged as a key driver of public health costs and medical product 
regulation on the global stage. 


1.2 Canadian pharmaceutical linkage regulations 


The Patented Medicines (Notice of Compliance) Regulations (“NOC 
Regulations’)* came into force in 1993 as part of Canada’s perceived 
obligations under TRIPS and NAFTA to support the domestic pharmaceutical 
industry.“ The original policy intent of the regulations, as outlined in 
successive government Regulatory Impact Analysis Statements (RIAS), was 
to encourage the development of new and innovative drugs and facilitate 
the timely market entry of generic drugs, and thus to balance the goals and 
objectives of food and drug law with those of patent law. Prior to the 
linkage regime coming into force, drug regulation and drug patenting 
represented distinct goals and policy objectives. This balancing exercise is 
a familiar one to the intellectual property bar owing to the quid pro quo of 
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the traditional patent bargain. Thus, under the terms of the linkage regime, 
there must be a specific functional nexus between approved drugs and 
patent protection for those drugs pursuant to the NOC Regulations. 

As appreciated in the early literature on the topic, it was not output 
metrics but a combination of lobbying by the US pharmaceutical industry, 
their hopeful domestic university funding partners, and a federal government 
bent on harmonizing the Canadian system of intellectual property with that 
of the US that led to enactment of the NOC Regulations. Once the domestic 
US policy environment was recalibrated away from nascent support for a 
Canadian-based system of price controls and towards preventing nations 
such as Canada from what was deemed to be ‘rights piracy,“ stronger 
patent protection in Canada was inevitable. However, with one notable 
exception,*® few independent observers would have guessed during the 
debate on patent reform that the linkage regime would potentially tip so far 
to the rights-protection end of the spectrum. 

It has now been almost two decades since the regulations were enacted 
subsequent to Canada’s perceived obligations under NAFTA and TRIPS. 
Given the continuing public debate over high drug prices,” the large fraction 
of research and development carried out by publicly funded institutions that 
is ultimately enveloped within commercialized products, and wide 
criticism of the failings of the patent system to promote innovation,>! it is 
an excellent time to assess whether the NOC Regulations have satisfied the 
twin policy goals of encouraging new and innovative drug development and 
the timely market entry of generic drugs. The author’s research group has 
chosen as the vehicle of our investigation the growing field of empirical legal 
research. This approach was taken, at least in part, owing to the author’s 
many years as a bench scientist prior to entering law. 

The empirical work reviewed and discussed is this book was designed 
specifically to investigate whether and how the NOC Regulations have 
encouraged the development of new and innovative drugs while also 
facilitating the timely entry of generics since being enacted. The importance 
of empirical studies to assessing the efficiency and effectiveness of policy 
levers such as intellectual property law and regulations cannot be overstated. 
As noted by some of the most prominent economists, innovation scholars, 
and patent scholars,*? robust conclusions regarding the consequences for 
technological innovation of changes in patent law and policy are few and 
far between. This is due primarily to a fundamental lack of relevant 
empirical data. Important to the present project, the same principle also 
applies in reverse, as governments have specific legal and policy goals in 
mind when drafting law and regulations that are reviewable by the courts 
in judicial review or other statutory interpretation proceedings. 
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1.3 Organization 


The remainder of the book reviews data from our recent empirical studies, 
analyzes this data in terms of the original policy intent underpinning the 
regulations in Canada and the United States and associated Supreme Court 
jurisprudence, and concludes with a series of testable hypotheses for future 
research and a brief review of the global spread of pharmaceutical linkage 
and the implications of this spread for global and domestic public health. 

Chapter 2 provides a broad overview of the domestic requirements for 
drug approval and operation of the NOC Regulations. It is necessary to 
understand in some detail the different types of drug approval pathways for 
brand-name and generic drugs, whether drugs are new or follow-on in nature, 
and what characteristics certain drugs have that render them potentially high- 
value drug candidates from the regulator’s point of view. This information 
can in turn be used to evaluate the innovative character of a given drug. 
Chapter 2 also provides an overview of the Canadian linkage regulation 
regime, how it operates in tandem with the traditional patent law system and 
food and drug law, and how it can be used to extend market exclusivity for 
high value pharmaceuticals that are nearing the point of expiration of early 
patent(s) associated with a given drug. The chapter ends with a discussion of 
the tensions between public health policy and economic policy when they are 
forced to cohabit under the roof of pharmaceutical linkage. 

Chapters 3-5 review three empirical studies our group recently published 
that were intended to provide empirical data for analysis of whether the 
NOC Regulations, in operation, are consistent with the original policy 
intent underpinning the regulations to effectively and efficiently balance the 
goals of patent law with those of food and drug law. Chapter 3 focuses on 
the types of new and follow-on drugs approved by Canadian regulators 
between 2001 and 2008. In particular we studied trends over the eight-year 
test period for new drug submissions, supplemental, or line extension-type, 
submissions, generic submissions, drugs that underwent some form of 
priority review (with or without post-market reporting obligations), and 
drugs that contained a new active substance (previously referred to as new 
chemical entities), were first in class or were me-too drugs. We studied a total 
of 608 drugs that received 2,122 regulatory approvals over the test period. 
The year 2001 was taken as our starting point, as this was the date when 
substantial amendments to Canadian drug regulation were made that 
affected both the mechanisms and speed of approval. 

Chapter 4 extends the analysis in Chapter 3 by quantifying the level of 
innovation for the cohort of 2,122 approvals and additionally focuses on 
the legal nexus between drug approval and drug patenting in a subgroup of 
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the most profitable drugs sold in Canada. Our aim was to quantify 
patenting, patent listing, and patent litigation patterns associated with these 
drugs under the NOC Regulations and to investigate the manner in which 
patent terms on already approved blockbuster drugs were extended via 
operation of the linkage regime. We also characterized case law associated 
with the extension of market exclusivity. 

Chapter 5 focuses on patenting patterns associated with a more fully 
developed cohort of 95 high-value pharmaceuticals and 3,850 related 
patents. A number of different groups were analyzed: the entire cohort of 
drugs, most profitable drugs by sales, drugs approved via an expedited 
approval process without significant post-market conditions, drugs 
approved via expedited approval with significant post-market conditions, 
and drugs approved via a combination of the two pathways. Drugs were 
thus split into categories representing products already vetted by the market 
to be blockbuster in nature and those that were granted expedited review 
status by regulators in the hope they would be. We analyzed the number of 
patents per drug, the number of patents listed on the patent register, and 
the timing of these metrics to one another and the date of drug approval. 
We conducted tests on the statistical nature of the trends in patenting before 
and after the NOC Regulations came into force. In addition, we analyzed 
patents and approved drugs in terms of the World Health Organization 
Anatomic Therapeutic Class (ATC) in order to identify therapeutic areas in 
which firms are focusing their drug development activities. We also 
developed an independent patent classification scheme in order to analyze 
the type of patents associated with approved drugs. 

Chapter 6 reviews the empirical data from these studies with the goal of 
analyzing the results in light of the original policy intent underpinning the 
Canadian and American linkage regimes to balance the competing goals of 
stimulating the production of new and innovative drugs while also facilitating 
the timely entry of generic drugs. The data are also assessed through the lens 
of relevant Supreme Court of Canada jurisprudence, which expressly provides 
for a ‘patent-specific’ analysis of cases under the NOC Regulations. A final 
component of the analysis is to view the data in light of principles of statutory 
interpretation holding that judicial review of legislation should allow for 
assessment of a given law ‘in operation.’ A major goal of Chapter 6 is to probe 
the value of empirical legal research for assessment of the vires of legislation 
viewed with an eye to judicial review proceedings, particularly jurisprudence 
directed to statutory interpretation of intellectual property law. 

Chapter 7 concludes the discussion on linkage by offering a glimpse into 
our group’s current and future research directions, including articulating 
several testable hypotheses underpinning a theory of cluster-based drug 
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development and providing a description of a new structure-function 
analysis being undertaken by a group of global scholars studying 
pharmaceutical linkage worldwide. 

The review of law, policy, and accompanying data in this book provides 
substantial evidence for a linkage-based theory of innovation focused on the 
development of ‘product clusters.’ These clusters are specifically enabled by 
specific provisions of linkage laws, and are comprised of one or a small 
number of innovative drugs, surrounded by a halo of patents that are all 
interconnected between products. The possibility is discussed that it is the sum 
of drugs and patents in these clusters that most effectively chills generic entry 
under linkage regulations. Chapter 7 finishes with a commentary on the 
manner in which pharmaceutical linkage regulations are rapidly spreading 
worldwide, and the implications of this development for domestic and global 
public health. Indeed, while it is generally understood that linkage is being 
increasingly seeded into domestic intellectual property frameworks via TRIPS 
and other FTAs, very little is known about how the regulations work and 
impact on drug costs and expenditures in developed nations let alone how they 
might impact on domestic public health systems across international borders. 
The goal of this portion of Chapter 7 is to provide an overview of the structural 
and functional aspects of global linkage regulations, and their relationship to 
drug availability costs and expenditures on one hand and incentives for 
innovation and protection of intellectual property rights on the other. 
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Overall, there is a noticeable gap between the highly developed theoretical 
literature on patent scope and the limited empirical literature. This is due 
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the weakness of the connection between the model constructs and 
quantifiable aspects of a patent regime. (Ibid. at 588) 
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The 


This limited success is due partially to the difficulty of measuring the 
parameters of patent policy, and partly due to the difficulty of discerning 
statistically significant effects when many things have been changing at the 
same time. But it should surely be viewed as a challenge to researchers to 
try to do more. (Mazzoleni and Nelson (1998), supra note 2) 
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persuasive argument on this broad question. The important empirical 
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has not been done yet . . . (Ibid.; Boldrin and Levine, supra note 2) 


In a meta-analysis of empirical studies of whether introducing or strengthening 


patent protection leads to greater innovation, Boldrin and Levine note (at 189-90): 
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strengthening the patent regime increases . . . patenting! (Ibid. at 216-17) 
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Background: drug approval, drug 
patenting, pharmaceutical linkage, 
and public health policy” 


Abstract. This chapter provides background information required to 
understand pharmaceutical linkage, including the relevant principles of 
patent law and food and drug law, with a particular focus on the various 
pathways and evidentiary requirements for new and follow-on drug approval, 
pharmaceutical linkage, as well as the manner in which public health policy 
and economic policy are said to converge in the form of linkage regulations. 


Keywords: patent law, food and drug law, public health policy, economic 
policy 


Pharmaceutical products occupy an established and growing niche in 
modern healthcare. Estimated global pharmaceutical sales were US$773 
billion in 2008, up from $605 billion and only $298 billion in 2005 and 
1998, respectively.! Sales growth has been strong in North America (12.6% 
per year from 1998 to 2005) compared to Europe (9.3%),* with the former 
accounting for the largest share of global sales (46%) compared to the 
latter (29.97%).3 


*This chapter is based upon material in: M. Sawicka and R.A. Bouchard, ‘Empirical Analysis 
of Canadian Drug Approval Data 2001-2008: Are Canadian Pharmaceutical Players “Doing 
More With Less?”’ McGill Journal of Law & Health 3: 87-151 (2009); R.A. Bouchard, J. 
Sawani, C. McLelland, M. Sawicka, and R. Hawkins, ‘The Pas de Deux of Pharmaceutical 
Regulation and Innovation: Who’s Leading Whom?’ Berkeley Technology Law Journal 24(3): 
1461-522 (2009); R.A. Bouchard, R.W. Hawkins, R. Clark, R. Hagtvedt, and J. Sawani, 
‘Empirical Analysis of Drug Approval-Patenting Linkage for High Value Pharmaceuticals,’ 
Northwestern Journal of Technology & Intellectual Property 8(2): 1-86 (2010). 
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Even in a relatively small market such as Canada,* more than 22,000 
pharmaceutical products are available and this number is growing rapidly.® 
Indeed, prescription drugs comprise the fastest rising component of 
domestic healthcare spending.’ By 2006, drug expenditures in Canada grew 
to 17.4% of total health expenditures, up from 9.6% in 1985.8 Indeed, 
drug expenditures grew faster than all other expenses within the Canadian 
healthcare system, with an average growth rate of 9.4% between 1985 and 
2006 compared with 6.6% for total health spending.’ Similarly, per capita 
expenditures increased on average 8.2% per annum between 1985 and 
2006, faster than France, Germany, Japan, Sweden, Finland, Norway, and 
other European nations.!° Between June 2004 and June 2005 alone, a total 
of 378 million prescriptions were filled in Canada.'! According to 
Organization for Economic Cooperation and Development (OECD) data, 
Canada ranked third in the world in per capita drug expenditures by 2002, 
behind only the United States and France.'? Drugs with patent protection 
lead the way in pharmaceutical expenditures. Between 1990 and 2008, 
patented drug product sales in Canada increased 764%, from CN$1.7 
billion to CN$13 billion per annum.'% 

Given that gobal and domestic pharmaceutical markets are entrenched 
and growing more rapidly than other healthcare segments, the legal and 
regulatory mechanisms underpinning drug approval and the entry of brand- 
name and generic pharmaceuticals appropriately assume center stage. 


2.1 Drug approval 


While drug products have become an essential element of domestic and 
global public health systems, concerns have nevertheless been raised about 
the willingness of the public to underwrite the cost of drugs that are 
extensions of already marketed products. Indeed, there has been considerable 
debate over the last 25 years relating to the social benefits of ‘new’ drug 
products versus those referred to variously as ‘follow-on,’ ‘incremental,’ 
‘line extension,’ ‘me-too,’ and ‘supplemental’ products. To this list one can 
add generic drugs that are bioequivalent to already marketed products. 
This is because all drug products that are not considered breakthrough or 
pioneering in nature represent by definition some form of technology 
appropriation, i.e. they come into being as a result of a party’s ability to 
capture profits generated from their own or related inventions.!4 

Many commentators have derided the social value of follow-on 
innovations." Others have claimed that follow-on drugs represent a critical 
component of pharmaceutical industry innovation and that dire consequences 
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will follow should policy-makers alter the current basket of legal and 
regulatory incentives for innovation.'® An example of the tension between 
the utility of new and existing therapies is provided by the intensity of 
debate over Health Technology Assessment (HTA)! and Cost Effectiveness 
Research (CER),!® particularly as it relates to the American Recovery and 
Reinvestment Act of 2009.1 


2.1.1 Drug approval process and terms 


Given decades of effort towards global regulatory harmony, it is not 
surprising that the regulatory framework for drug approval in Canada 
parallels that of the US Food and Drug Administration (FDA) and European 
Medicines Agency (EMEA).?° In each jurisdiction drugs submitted through 
‘new’ or ‘supplementary’ pathways, can be classified as ‘first-in-class,’ 
‘me-too,’ or ‘line extensions,’ under appropriate circumstances undergo 
some form of ‘expedited review,’ and can contain a ‘new chemical entity’ 
(NCE) or ‘new active substance’ (NAS). Typically, a sponsor files a New 
Drug Submission (NDS)?! containing sufficient data on drug safety, efficacy, 
and quality to warrant approval (referred to as Notices of Compliance or 
NOCs).”2 A Supplemental New Drug Submission (SNDS) may be filed for 
changes to a drug already marketed by that sponsor.” These include 
amendments to dosage, strength, formulation, manufacture, labeling, route 
of administration, or indication.** Products associated with an SNDS are 
typically referred to as line extensions, referring to the fact that they are 
extensions of already marketed products.*5 Generic manufacturers submit 
an Abbreviated New Drug Submission (ANDS) to obtain an NOC requiring 
that generic drugs be pharmaceutically equivalent to the reference brand- 
name product.*® Generic sponsors may also submit Supplemental 
Abbreviated New Drug Submissions (SANDS) when changes are made to a 
drug already on the market. Consequently, both brand-name and generic 
firms can make ‘new’ and ‘supplemental,’ or ‘follow-on,’ submissions. 
NOCs can be granted in an expedited fashion under domestic food and 
drug law in two ways.” One is through Priority Review, which refers to the 
fast-tracking of eligible drug candidates ‘intended for the treatment, 
prevention or diagnosis of serious, life-threatening or severely debilitating 
diseases or conditions’ with an ‘unmet medical need or for which a 
substantial improvement in the benefit/risk profile is demonstrated.’ 
Evidentiary requirements for safety, efficacy, and quality parallel those for 
non-priority submissions; the main difference is an accelerated review 
time.*? In the second path, sponsors may be granted an ‘NOC with 
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conditions’ (NOC/c)?° for eligible NDS or SNDS submissions directed to 
serious, life-threatening, or severely debilitating diseases, or conditions for 
which there is promising evidence of clinical effectiveness based on available 
data.*! In addition to less onerous evidentiary requirements, the targeted 
review time for NOC/c approval is significantly accelerated compared to 
that for standard NDS review.** The main difference with Priority Review 
is that NOC/c licensure is granted on the condition that the sponsor will 
perform additional post-market studies to confirm the alleged benefits and 
risks. Unless otherwise stated, both NOC/c and Priority Review pathways 
for approval will be grouped together under the single heading of Expedited 
Review (ER). A summary of these drug approval pathways is provided 
in Table 2.1. 

While the definitions of new and supplementary (NDS and SNDS) 
brand-name submissions, standard and supplementary generic submissions 
(ANDS and SANDS), and pathways for expedited review (Priority Review 
and NOC/c) are relatively simple and straightforward, the definitions of 
first-in-class and me-too drugs are much less so.*? In Canada, first-in-class 
drugs are those that consist of either (1) a new family of active ingredient(s), 
also known as a new active substance (NAS),*4 or (2) old active ingredient(s) 
used for the treatment of a new indication. A drug is first-in-class if there 
is no other drug on the market that belongs to the same compound family 
that is used for the same indication.” Conversely, me-too drugs are those 
that offer ‘important therapeutic options,’ but that may have little or no 
change to the benefit-risk profile.*° Essentially, me-too drugs are comparable 
to other drugs in terms of compound and indication.*’ Previously referred 
to as a ‘new chemical entity, or NCE,°° the definition of an NAS 
encompasses a wide range of chemically active substances, including (1) a 
chemical or biological substance that has not been previously approved for 
sale as a drug, (2) an isomer, derivative, or salt of a chemical substance that 
is already approved for sale as a drug but differs in safety and efficacy 


Table 2.1 Summary of drug approval pathways 


Firm type New drug Follow-on drugs 
A. Brand NDS SNDS 
NDS NAS SNDS PR 
NDS PR SNDS NOC/c 
NDS NOC/c = 
B. Generic = ANDS 
7 SANDS 
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properties, or (3) a biological substance previously approved for sale as a 
drug that differs in molecular structure, the nature of the source material, 
or the manufacturing process.°? 

Drugs approved through NDS and SNDS routes can be classified as 
either first-in-class or me-too. For the NDS route, first-in-class drugs are 
those that contain either an NAS or are directed to a new use (or indication), 
whereas NDS me-too drugs neither contain a new ingredient nor are 
directed to a new use, but instead have an improved benefit-risk profile. For 
the traditional ‘line extension’ SNDS route, relatively small changes to 
existing chemical structures such as salts or isomers may still yield first-in- 
class or me-too designations. The difference is that while both SNDS first- 
in-class and me-too drugs can cover new chemical forms,*° only drugs 
directed to a new use may be deemed first-in-class SNDSs.*! Those that do 
not are deemed me-too.*? Because even a follow-on first-in-class drug must 
be directed to a new use as opposed to just a new chemical form with 
altered benefit-risk, a higher level of innovation is typically ascribed to 
SNDS and SANDS first-in-class drugs as opposed to me-too drugs.* It is 
not surprising that drugs containing an NAS can be approved via the SNDS 
route given the broad overlap between SNDS (change in dosage, strength, 
formulation, manufacture, labeling, route of administration, or indication) 
and NAS (isomers, derivatives, or salts of existing drugs with differing 
safety and efficacy profiles and/or source material and manufacturing 
process) requirements.*+ The characteristics of first-in-class and me-too 
drugs are summarized in Table 2.2. 

The final drug class investigated reflects the most innovative (MI) drugs 
developed by brand pharmaceutical firms in the new drug approval (NDS) 
category. The designation NDS MI is used based on the methodology 
described in Chapter 4. As discussed in detail there, merely containing an 
NAS is an insufficient basis for designating a drug as pioneering or strongly 
innovative because there is ample room in the definition for minor changes 


Table 2.2 Classification scheme for first-in-class and me-too drugs 


Route FIC Me too 
A. NDS New chemical form 
-or- Change in benefit : risk 
New use/indication 
B. SNDS New chemical form Change in chemical form 
-and — -and — 


New use/indication Change in benefit : risk 
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to previously approved medical ingredients, including salts, esters, solvates, 
polymorphs, and enantiomers. Similarly, FIC drugs do not, of themselves, 
constitute pioneering products based on the observation that these can also 
be follow-on versions of previously marketed products containing slightly 
modified medical ingredients or directed to new uses within a therapeutic 
class. The same conclusion applies to expedited review drugs where these 
need only be directed to drugs demonstrating moderate clinical improvement 
over existing therapies. The most reasonable definition is that truly 
pioneering drugs are those that are approved via the new drug approval 
pathway (NDS), contain an NAS or NCE, undergo some form of expedited 
review (ER), and are directed to FIC therapy. The resulting nomenclature 
employed in this book for all new and follow-on drugs is summarized in 
Table 2.3. 


2.1.2 Lifecycle model and IPR rights 


Emerging global drug policy places increasing importance on the need to 
adopt the principles of ‘lifecycle’ regulation.** Lifecycle regulation of 
pharmaceuticals involves all relevant research and development, clinical 
trial studies, regulatory approval, market authorization, and normative 
post-market prescribing and use by physicians and the general population.*¢ 
As Canadian regulators recognize, the unique aspect of lifecycle regulation 
is the recognition that valuable knowledge about a product is continuously 
accumulated over its lifecycle, especially with respect to data regarding 
benefit-risk analysis.” This progression has obvious ramifications for 
safety problems that arise after market penetration. The assumption is that 
as a drug’s benefit-risk profile changes with time, so too should its approval 


Table 2.3 Classification scheme for new and 
follow-on drugs 


Firm type New drugs Follow-on drugs 
A. Brand NDS SNDS 
NDS Me Too SNDS Me Too 
NDS NAS SNDS FIC 
NDS FIC NDS ER 
NDS ER — 
B. Generic = ANDS 
— SANDS 
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status,*® thus allowing an opportunity for regulators to adapt to changing 
conditions over time.*? 

Canada is currently in the process of integrating the lifecycle approach 
into its regulatory regime.°? Under the terms of the progressive licensing 
framework, plans regarding post-market studies, monitoring, safety 
surveillance, and risk management will be required when a sponsor files its 
submission.*! The standard for initial market authorization is a positive or 
favorable benefit-risk profile, with maintenance of market authorization 
requiring a continuing favorable benefit-risk profile throughout the 
product’s lifespan.’ Canada is not alone in its efforts to legislate lifecycle 
approaches. Indeed, the FDA,” US Institute of Medicine (IOM),°* and 
European Medicines Agency (EMEA)°> recognized early that drug safety 
was well served by lifecycle models, including articulating the need for 
regulating therapeutic products in light of ‘real-world’ drug use. 

Intellectual property and regulatory (IPR) rights remain a pivotal element 
of lifecycle models of drug regulation. In accordance with the terms of its 
National Pharmaceutical Strategy®® and Smart Regulations initiative,’ the 
government of Canada sees itself as a leader in developing an innovative 
drug regulation platform and in providing unique regulatory incentives to 
the pharmaceutical industry.°* In this capacity, Canadian regulators are 
acting in tandem with their American and European counterparts, all of 
whom claim that therapeutic product development is crucial for national 
prosperity and productivity in the global marketplace.’ The specific goals 
of the latest round of public policy reform are to: (1) facilitate biomedical 
innovation; (2) create incentives for drug development when the market 
itself does not; (3) allow for earlier access to new drugs; (4) create an 
informed consumer; and (5) increase the threshold for post-market drug 
safety. The emphasis on providing IPR rights incentives to the industry in 
order to support innovation follows numerous reports from the government 
and its consultants over the last few years on the growing productivity gap 
in Canada and the commercialization of novel therapeutic products 
emanating from publicly funded medical research. 

A cornerstone of Canadian domestic lifecycle regulation is NOC/c-type 
approval.*! This refers to a recalibrated balance between faster access to 
novel remedies (appropriately termed ‘flexible departure’) and enhanced 
post-market oversight of safety, efficacy, and benefit-risk, with the 
possibility of revocation of initial approval if the terms of initial approval 
are not met. Unlike Priority Review, continuing approval after initial 
regulatory approval is contingent upon whether pharmaceutical sponsors 
meet the terms and conditions assigned to the NOC/c.* At first glance, 
emphasis on NOC/c over Priority Review may seem inconsistent with the 
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lifecycle approach. However, fast-tracking eligible NDSs and SNDSs via 
Priority Review results in faster approval without a change in the amount 
of scientific evidence required prior to market entry.°? The process remains 
front-loaded in that it does not demand that sponsors conduct post- 
marketing studies as a means to maintain approval status. In comparison, 
the NOC/c mechanism demands that sponsors are subject to legal scrutiny 
beyond initial market authorization in exchange for faster approval. The 
process is considerably more back-loaded in this regard and thus is more 
consistent with the lifecycle approach. It is reasonable to conclude therefore 
that NOC/c approvals are an excellent proxy for lifecycle regulation 
compared with Priority Review or approval via conventional NDS and 
SNDS pathways. 

While lifecycle models have several advantages over existing approval 
models,** concerns persist that releasing drugs onto the market earlier may 
be misguided, given evidence that pharmaceutical firms typically do not 
meet conditions associated with approval once in the market in the absence 
of legislation compelling them to do so.65 Moreover, concerns have been 
expressed over the reading-in of TRIPS-based provisions incorporating 
strong IPR rights,°° and specific language contemplating incorporation into 
policy and regulations any relevant knowledge, documents, or information 
produced by industry and its trade organizations.°” While it is reasonable 
to speculate that the goal of these provisions is to facilitate global regulatory 
harmony, there is some unease that practices such as these serve the nation’s 
economic goals more than its public health mandate.®* This interpretation 
is bolstered by statements from various branches of government.°? 


2.2 Patents 


One of the most strongly contested aspects of pharmaceutical policy 
concerns the role of intellectual property and regulatory rights in providing 
economic incentives to firms and in shaping the agenda for basic medical 
research.”” Patents are consistently claimed to be invaluable to drug 
development in the pharmaceutical industry,’! in part to compensate firms 
for long regulatory lag periods and the high costs of innovation. 

A patent for invention is a property right granted by the government to 
an inventor. In most developed nations, property rights associated with a 
patent include the right to exclude others from making, using, or selling an 
invention. In Canada, this right takes effect from the date the patent is 
granted for a period of 20 years after the filing date.”* In exchange for the 
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grant of patent, inventors must provide a full description of the invention 
and how it is enabled so that the public can benefit from disclosure and use 
it to develop further innovations in that or related fields. This quid pro quo 
between the inventor and public is referred to as the traditional patent 
bargain,” and was institutionalized for the first time in the English Statute 
of Monopolies 1623.74 

The requirements for patenting and the relation thereof to drug approval 
in Canada generally track those in other developed nations, particularly the 
US and the United Kingdom (UK).” Section 2 of the Canadian Patent Act 
defines an invention as any ‘new and useful art, process, machine, 
manufacture or composition of matter, or any new and useful improvement 
in any art, process, machine, manufacture or composition of matter.’”6 An 
invention must meet the usual three basic requirements in order to be 
patentable: the subject matter” defined in the claim must be new, useful 
and non-obvious.”® The first requirement is met where the subject matter 
of the patent has not yet been disclosed to the public. The second is met 
where the subject matter provides sufficient utility or benefit to the public 
and achieves the purpose for which it came into being. The third is met 
where the subject matter constitutes an ‘inventive step’ or manifests 
sufficient ‘inventive ingenuity’ over the prior art to warrant the traditional 
patent bargain. Where an inventive step is lacking, a patent is not granted 
or, if granted, can be later ruled invalid on the grounds that it is ‘obvious’ 
in light of the prior art, provided that the person skilled in the art would 
have been led directly and without difficulty to the solution taught by the 
patent.”? When the claims at issue are deemed to be obvious or anticipated 
(for lack of novelty), they are struck down and can no longer be used to 
prohibit competitors from using the invention. 


2.3 Linkage regulations 
2.3.1 Overview 


An element of pharmaceutical patent law that until quite recently was 
unique to the US and Canada is a relatively novel form of legal ordering 
referred to as ‘linkage regulations.’ So named because they tie patent 
protection for marketed pharmaceuticals to the drug approval process, 
linkage regulations enable brand-name pharmaceutical firms to list as many 
patents as are deemed ‘relevant’ to a marketed product on a patent 
register. Blockbuster drugs coming off patent protection can in this 
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manner have a period of market exclusivity that is significantly extended 
beyond that for the originating patent (e.g. on the new active substance or 
new chemical entity). In Canada this occurs under the aegis of the Patented 
Medicines (Notice of Compliance) Regulations (NOC Regulations).*! 

The Canadian linkage regulations were modeled after the US Hatch- 
Waxman linkage regime,** under which patent protection under the Patent 
Act83 is legally tied to drug approval under the Food, Drug and Cosmetic 
Act*4 via patent listings in the Orange Book.** The NOC Regulations came 
into force in 1993, at which time they replaced provisions in the Patent Act 
directed to compulsory licensing. 

Prior to the NOC Regulations coming into force, the Supreme Court of 
Canada noted that patent protection and regulatory approval of 
pharmaceuticals were governed by different statutes as well as different 
policy goals and objectives. Given the specific language employed,*® it is 
reasonable to conclude that the court was referring to the previously 
divergent goals of public health policy and industrial/economic policy. The 
language employed by the court further suggests that these two policy 
branches have formally converged in the form of the NOC Regulations and 
that private IPR rights are viewed as a primary driver of this convergence. 
Indeed, government Regulatory Impact Analysis Statements (RIAS) have 
forged a clear policy objective of stimulating innovation in the pharmaceutical 
sector predicated on industrial IPR rights, including via linkage regulations.*’ 
Thus, compared to the 400-year-old patent system, the linkage regime 
represents a novel and emerging intellectual property paradigm for 
protecting pharmaceutical inventions. 

Linkage regulations are critical to the maintenance of monopoly pricing 
by brand-name pharmaceutical firms as blockbuster drugs near the end of 
their conventional patent protection (patents on NCEs or NASs). This is 
because patents listed on the patent register effectively allow for an 
extended ‘term’ of patent protection, provided that patents are deemed 
relevant to the already marketed product. As such, linkage regulations 
represent a primary mechanism by which regulators promote drug 
development in exchange for private IPR rights. 


2.3.2 Linkage mechanism and terms 


As will be discussed in greater detail in Chapter 6, the enabling section in 
the Patent Act for the NOC Regulations is contained in the section on 
infringement.’ This, however, should not be taken to indicate that actions 
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under the NOC Regulations are parallel to a conventional infringement 
proceeding. Drug patenting, including the legal analysis of validity and 
infringement, is inexorably tied to the output of the drug approval exercise. 
As noted above, to market a drug product in Canada, drug manufacturers 
(brand or generic) must first obtain regulatory approval for the relevant 
medicinal product. The form of this approval in Canada is referred to as a 
Notice of Compliance (NOC), which is received from the Minister of 
Health pursuant to regulations promulgated under the Food and Drugs 
Act. The Minister is obliged to issue an NOC to a drug manufacturer 
where the drug has met all of the required regulatory standards pertaining 
to the safety and efficacy of the drug in question. Brand-name drug 
companies submit a New Drug Submission (NDS) containing ‘test data,’ 
including clinical trial and experimental data, relevant to the demonstration 
of health and safety. Generic firms, on the other hand, submit an 
Abbreviated New Drug Submission (‘ANDS’) based not on original test 
data but rather on bioequivalence”? to the relevant Canadian reference 
product.?! 

Under the NOC Regulations, a ‘first person,’ typically a brand-name 
sponsor, may list patents on the patent register in connection with drug 
products for which they hold regulatory approval.” If a ‘second person,’ 
typically a generic sponsor, files a submission that makes a comparison or 
reference to the first person’s drug based on bioequivalence, the Minister 
may not issue an NOC for the generic drug until the second person has 
addressed all listed patents. As noted above, where a generic firm files a 
submission that makes a comparison or reference to the first person’s drug, 
regulators may not issue an NOC to the generic until the second person has 
addressed all relevant listed patents. This means the second person must 
accept that it will either not obtain regulatory approval relevant to its 
ANDS until the expiry of all listed patents? or to avoid this situation it 
must serve an ‘allegation’ on the first person (Notice of Allegation) that the 
listed patent or patents are invalid or will not be infringed by its 
submission,”* together with a detailed statement of the legal and factual 
basis of the allegation.” When served with a Notice of Allegation a brand- 
name sponsor may within 45 days commence a judicial review application 
for an order that the NOC not be issued to the generic sponsor.”° 

Where the brand-name sponsor does commence such an application, an 
NOC will not be issued until the earliest of 24 months, the determination 
of the issues in court, or patent expiry.?” In other words, by merely 
commencing the proceeding, the applicant receives an automatic injunction 
(also referred to an ‘automatic stay’) under circumstances where the merits 
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of the case are not determined by the court and indeed without having to 
satisfy the criteria courts would normally require before enjoining issuance 
of an NOC.*® At the hearing of a judicial review application under the 
NOC Regulations the court must determine whether the generic 
manufacturer’s allegation is legally ‘justified.’ If the court finds the 
allegation is not so justified, the court must issue an ‘order of prohibition’ 
preventing the Minister from issuing the NOC until patent expiry.” If, on 
the other hand, the court finds the allegation is justified, the application is 
dismissed,!°° and an NOC may be granted to the generic sponsor provided 
that regulatory review is complete and no other litigation is outstanding. 

Unlike parallel litigation under the US Hatch-Waxman linkage regime, 
an action under the NOC Regulations is by way of judicial review. 
Therefore it does not constitute an action for infringement.!°! A formal 
decision on patent infringement or validity cannot be determined in NOC 
proceedings, notwithstanding the fact that judicial pronouncements on 
validity or infringement amount to the same thing and utilize infringement 
case law as precedent.!° The Federal Court of Appeal has held that the 
object of litigation under the NOC Regulations is solely to decide issuance 
of an NOC under the Food and Drug Regulations.'°3 If a party seeks a 
formal decision on patent infringement or invalidity, they must avail 
themselves of remedies under the Patent Act.!%* Indeed, recent cases have 
arisen where pharmaceutical patents have been deemed either invalid or not 
infringed under NOC Regulations and valid or infringed in a later 
infringement proceeding.!% 

Judicial review under the NOC Regulations is considered to be an 
expedited proceeding and thus summary in nature. Therefore it does not 
entail full exploration of evidentiary matters that would otherwise be before 
the court in an infringement proceeding,!° particularly viva voce evidence 
that is otherwise central to a patent infringement proceeding. Rather, 
litigation consists of an out-of-court exchange of affidavit evidence and 
cross-examination, followed by a one- to two-day hearing. Typically, 
numerous motions precede the actual hearing, including multiple variations 
on those to receive or exclude evidence. Even though judicial review 
proceedings under the NOC Regulations are deemed to be summary in 
nature, in practice it can often take up to two years to get to a hearing, which 
is roughly equivalent to the time required to obtain regulatory approval. 

Under the provisions of the Canadian linkage regime, each patent listed 
on the patent register must be demonstrated in litigation to be invalid or 
not infringed for generic market entry. For this reason, the patent register 
is thus said to be ‘the linchpin of the NOC Regulations’ regime.!°” 
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The threshold for listing is relevance to an existing drug product. Early 
Federal Court of Appeal jurisprudence in Eli Lilly v. Canada‘ rejected the 
notion of a strict relevance requirement, opting instead for a broad statutory 
reading to the effect that patents need only be relevant to a medicine rather 
than the drug form specifically approved by regulators. In other words, 
patents could be listed generally for a drug rather than against a specific 
drug submission. In 2006, the government issued a RIAS accompanying 
amendments to the NOC Regulations explaining that listed patents were 
required to contain at least one specific claim to the medical ingredient, 
formulation, dosage form or use for which approval was granted.!° This 
was followed by the decision of the Supreme Court of Canada in 
AstraZeneca v. Canada," which supported a specific relevance requirement 
and cast doubt on the reasoning employed by lower courts in defending a 
general listing requirement. The Federal Court of Appeal, citing AstraZeneca, 
reversed its earlier ruling that a patent containing a claim for the medicine 
in a drug is listed generally against the drug, rather than against the specific 
submission for a notice of compliance upon which the patent list is based.!"! 
The government issued a revised guidance document in 2009 attempting to 
harmonize previous jurisprudence and policy grounds supporting a specific 
listing requirement. +2 

The intensity of the volleying back and forth between litigants, legislators, 
and the courts over the issue of relevance suggests that the attempt to 
balance the competing policy goals of encouraging new and innovative 
drug development and timely generic entry through the same mechanism is 
fraught with difficulty. As noted by the Federal Court of Appeal in Wyeth 
v. Ratiopharm, a generic sponsor initially may be ‘required to address every 
patent listed in respect of the Canadian reference product to which the 
proposed generic version is compared, whether or not the patent is properly 
listed.’ !!3 As with the patent bargain, the stated purpose of the linkage 
regulations regime is to provide monopoly rights to private firms in 
exchange for new and innovative drugs while at the same time facilitating 
the timely entry of generic drugs.'"* The strength of the legal nexus between 
traditional patent law and drug approval will be tested in more detail in 
Chapter 6. 

The combination of the automatic injunction, the low relevance 
requirement for listing patents on the patent register, the potentially endless 
number of patents listed for attractive drug candidates, and the summary 
nature of the proceedings compared to conventional infringement actions 
is viewed by many to present an effective and efficient mechanism for 
brand-name sponsors to ‘evergreen’ blockbuster products coming off 
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patent.!!5 The ability of the linkage regulations regime to provide a broad 
scope of intellectual property protection to follow-on drugs in particular is 
enhanced in light of the wide definition of a new active substance (NAS), 
the wide range of chemical modifications to existing drugs allowed under 
the follow-on, or supplemental new drug submission (SNDS), the approval 
pathway, and the wide berth given for drugs to undergo expedited review. 

Given the legal requirement that patent protection under the NOC 
Regulations is specific to a particular submission, the wide berth for 
approval of new (NAS) and follow-on (SNDS) drugs raises the possibility 
of a ‘paradoxical drug approval-drug patenting linkage.’ For example, in 
both policy documents and case law, it is invariably assumed that there is a 
positive correlation between the scope of intellectual property protection 
afforded by the linkage regime, the degree of innovation, and the 
accompanying social benefit associated with a particular drug product. A 
positive correlation would be consistent with the intent of the federal 
government to balance patent enforcement over new and innovative drugs 
with the timely market entry of generic drugs. However, the fact that 
pharmaceutical companies are focusing more on evergreening older 
products and on incremental drug development rather than breakthrough 
drug development suggests that firms may be leveraging legal loopholes 
favoring enhanced patent protection for drugs with low innovative value. 
This may undermine the intent of government to use the ‘special enforcement 
provisions’ of the linkage regime to protect only those patents associated 
with new and innovative drugs. To the extent that patent protection is 
extended for already marketed drugs, it might also contravene the second 
pillar of the government’s policy to facilitate the timely market entry of 
lower priced generic products. The paradoxical drug approval-drug 
patenting nexus is discussed in detail in Chapters 5 and 7. 

The specific platform of legal rights associated with pharmaceutical products 
has critical public health ramifications, not only because firms and policy- 
makers view it as a major economic driver for innovation in the life sciences,!'® 
but also because the rate and direction of innovation in the pharmaceutical 
industry may be shaped antecedently by IPR rights incentives. 


2.4 IPR rights and innovation policy 


IPR rights and public policy promoting innovation have strong historical 
associations. Public policy in most developed nations still tends to assume 
basically a linear model of innovation, i.e. a product ‘pipeline’ that begins in 
basic research, moves on through private research and development activities, 
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and then proceeds to commercialization in the form of products and 
services.!'7 This model implies a strong imperative to legally protect 
knowledge that has been reduced to practice as it flows through the system 
in the form of limited-term monopolies. For pharmaceutical innovation, the 
process is complicated by regulatory requirements to gain market authorization 
for new drugs, which is perceived as the terminus for the innovation pipeline. 
Accordingly, there is a considerable body of established science policy that 
identifies IPR rights as the major economic driver of innovation, national 
productivity, and translational research in the medical sciences.!'® 

Despite its entrenched nature, however, the theoretical and empirical case 
for linear models of innovation contingent on strong IPR rights is weak. 
Since the 1960s, much scholarly work on innovation has indicated a highly 
complex, iterative process of individual and organizational learning that 
typically involves an array of public and private sector inputs with many 
feedbacks.! This body of work suggests that innovation is a dynamic 
combinatory process in which the probability of innovation is linked closely 
to the capacity to create new combinations of knowledge, resources, and 
skills.!2° Other empirical studies have failed to demonstrate a conclusive link 
between strong IPR rights policies and generally increased levels of 
innovation.!?! These studies suggest that the dynamics of innovation can 
embrace IPR rights in some circumstances, but that these rights need not 
comprise an essential element for innovation to occur or to increase. The 
implications of this scenario are especially important for innovative product 
development in the medical sciences, given the vast array of public health and 
cost considerations involved in new drug development and regulation. 

The combination of the rapid spread of the pharmaceutical linkage 
model worldwide and publicly available data pertaining to drug approval, 
drug patenting, patent listing and related litigation provides a unique 
opportunity to develop a domestically based yet globally relevant 
methodology and database for the study of policies intended to encourage 
pharmaceutical innovation while also facilitating the timely entry of generic 
drugs and thus enhancing access to essential medications. 

In light of the increasing disparity between the claim that an effective and 
efficient public health system is contingent upon IPR rights!’ and the 
evidence disputing the legitimacy of this model,!*4 therapeutic product 
development therefore represents an excellent target for empirical studies of 
the relationship between legal incentives for innovation and product 
development. As noted by Pavitt, Jaffe, Mazzoleni and Nelson, and others, 
robust conclusions regarding the consequences for technological innovation 
of changes in patent policy are few and far between, in large part owing to a 
fundamental lack of empirical data.!?5 
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ruled are proper evidence of legislative intent. See Biolyse Pharma Corp. v. 
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(1998)]. For a recent review of empirical studies, see James Bessen and 
Michael J. Meurer, Patent Failure (Princeton University Press, 2008). 

See Comm’n of Patents v. Fabwerka Hoechst, [1964] SCR 49, 56 (Can.). In 
emphasizing that courts must scrutinize pharmaceutical patents carefully in 
order to determine if they properly merit the grant of a monopoly privilege in 
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U.S.A. 126 (1996) [Pavitt (1996)]; see, generally, Michele Boldrin and David 
K. Levine, Against Intellectual Monopoly (2008) [Boldrin and Levine (2008)]; 
Krimsky (2003), supra note 118. 

Jaffe, supra note 121, at 544 and 588. See also: Mazzoleni and Nelson 
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Empirical analysis of drug 
approval* 


Abstract. Canada’s proposed new drug regime, termed the ‘Progressive 
Licensing Framework’ (PLF), has received considerable attention over the last 
number of years. PFL is an example of ‘real-world’ or ‘lifecycle’-based models 
of drug development. On the one hand, its critics claim that ‘flexible 
departure,’ or expedited approval prior to completion of traditional Phase 3 
clinical trials, may lead to a lower standard for drug approval and an increase 
in unsafe products on the market. Supporters, on the other hand, claim that 
more emphasis on post-market safety will effectively recalibrate the risks, 
benefits, and uncertainties of therapeutic product development. Here we 
develop a novel empirical method to analyze Canadian drug approval data 
during the term 2001-2008. Our objectives were to determine the types of 
candidates that might qualify for flexible departure under PLF and assess the 
rate and direction of innovative activity by the Canadian pharmaceutical 
system. We quantified a number of types of new and follow-on approvals, 
including new drug submissions, generic submissions, line extension drugs, 
first-in-class and me-too drugs, drugs which contained new active substances 
and drugs that were approved via one of two available pathways for expedited 
review. Our findings show that concerns expressed over PLF pushing Canada 
in a new direction with regard to the workings and output of its drug 
regulatory regime may be overstated in that the existing approval regime has 
already been anticipating the lifecycle approach for several years. The data 
also show that the rate and direction of innovative activity by pharmaceutical 
firms has shifted significantly over time, implying that the global pharmaceutical 
industry, as a whole, is ‘doing more with less’ with existing technologies. 


Keywords: progressive licensing framework, lifecycle model of drug 
development, empirical analysis, new drug, follow-on drug, line extension 
drug, expedited review, drug withdrawal 


*This chapter is based upon material in M. Sawicka and R.A. Bouchard, ‘Empirical Analysis 
of Canadian Drug Approval Data 2001-2008: Are Canadian Pharmaceutical Players “Doing 
More With Less” ?? McGill Journal of Law & Health 3: 87-151 (2009). 
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3.1 Introduction 


As discussed in detail elsewhere,! the Government of Canada (GOC) 
announced on February 8, 2008 that it would substantially amend the 
existing Food and Drugs Act? and Food and Drug Regulations? to make 
room for its new ‘Progressive Licensing Framework’ (PLF) for drug 
approval in the form of Bill C-51.4 Notwithstanding the nation’s state of 
political upheaval during the time Bill C-51 was tabled, provisions such as 
those encompassed by this bill are almost certain to come into force at some 
point in the near future. This follows the development of a critical mass 
favoring regulatory reform in Canada, the United States (US), and the 
European Union (EU), spurred in large part by well described post- 
marketing drug safety controversies. Indeed, Health Canada has invested 
considerable resources in its lifecycle-based PLF platform over the last 
several years, which it views as demonstrating global leadership in 
innovative drug regulation and as a platform for providing strong incentives 
to pharmaceutical firms to produce innovative products under conditions 
where the market does not.5 

A range of concerns have been expressed over newer regulatory models 
such as PLF that seek to reallocate the risks and benefits of drug 
development. A primary concern is that lifecycle models of this nature will 
in fact yield a lower threshold for initial market authorization, resulting in 
potentially dangerous drugs slipping through regulatory cracks.° Scholars, 
politicians, public interest groups, and media have argued that recasting 
drug regulation in this manner will turn the public into ‘guinea pigs’ for 
drugs that have not been adequately tested,’ particularly under conditions 
where post-market studies recommended by regulators are not conducted 
by sponsors once approval has been given.’ Fears of this nature are well 
grounded in light of over two decades of poor decisions by pharmaceutical 
firms to design, cover-up, or otherwise report clinical trial data selectively.’ 
A second consideration relating to PLF and other lifecycle approaches is the 
linking of flexible approval procedures to a benefit-risk profile that is 
‘favorable’ to the drug rather than to the more conservative, and some say 
more evidence-based, precautionary principle.!° Canada is not alone in this 
stance, as parallel criticisms have been voiced over provisions for 
accelerated! and conditional! approval in the US and EU. 

The twin arguments by drug agencies in support of the lifecycle approach 
is that it will help to (1) recalibrate the balance of pre-market and post- 
market safety and efficacy considerations and (2) stimulate innovation in 
the pharmaceutical industry, with a concomitant increase in new therapeutic 
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products for the consuming public. In this light, it would be important to 
have data pertaining to historical trends in drug approval by Health 
Canada as it leads up to its lifecycle approach, particularly data comparing 
the number of approvals in the standard and expedited review streams 
(Priority Review and Notice of Compliance with conditions, or NOC/c) as 
well as expedited approvals that do (NOC/c) and do not (Priority Review) 
require further evidence of safety to be submitted following initial market 
authorization. In addition, data demonstrating trends in the types of drug 
approvals issued in the lead-up to PLF would be invaluable in predicting 
the types of products to which the public is likely to gain access in a post- 
PLF context. Particularly useful would be data relating to the number and 
percent of total approvals that were ‘first-in-class,’ ‘me-too’ (both defined 
below), and ‘line extensions, !? as well as those granted to brand-name and 
generic pharmaceutical firms. Data of this nature would help clarify the 
influence of drug regulation on the rate and direction of innovative activity 
by the domestic pharmaceutical industry. 

Considerations such as those expressed above led to this study. One of 
our goals was to develop an independent empirical methodology and 
synthetic model to investigate what types of drug candidates might qualify 
for flexible departure under Bill C-51 or related PLF legislation and assess 
the post-market fate of these candidates. A second and related goal was to 
use this model to identify patterns in the rate (how much) and direction 
(what kind) of innovative activity by Canadian brand-name and generic 
pharmaceutical firms and analyze this data in relation to the GOC’s 
proposed policy goals respecting pharmaceutical regulation. We empirically 
analyzed 2,122 substantive Notices of Compliance (NOCs) granted by the 
GOC during the period 2001-2008 to assess meta-trends in the pattern of 
drug approvals, particularly with regard to submissions for ‘new’ drugs and 
how these compared with data on ‘supplemental’ me-too and line extension 
submissions using classifications provided by Health Canada. We found 
that the GOC is already approving drugs with PLF in mind, that there is a 
significant and potentially growing proportion of drugs entering the market 
with evidence of safety still required to be met through post-marketing 
studies, and that very few of the drugs approved during the period of 
analysis, including those via the two expedited streams, have been 
withdrawn to date. The data also speak to the strength of the functional 
relationship between two supposedly independent ‘silos’ in a regulated 
Therapeutic Product Lifecycle (rTPL) innovation ecology,'* e.g. drug 
regulation and the national science and technology (S&T) polices designed 
to enhance domestic competitiveness via intellectual property and regulatory 
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(IPR) rights. We conclude that PLF has already been incorporated into the 
nation’s drug regulation framework to a significant degree and that the 
domestic pharmaceutical industry, as a whole, is focused more on leveraging 
and extending the value of existing technologies and IPR rights rather than 
on the production of novel first-of-kind ‘breakthrough’ technologies. 


3.2 Analysis 


3.2.1 General 


On its website, Health Canada posts a listing! of all drugs that have 
received an NOC since 1991. The listing is divided by year and according 
to the following headings: biologic products for human use; non- 
prescription products for human use; products for veterinary use; and 
prescription products for human use. 

Biologics'® are defined as ‘drug products derived from biological sources 
that are listed on Schedule D of the Food and Drugs Act. The list includes 
blood products, cells and tissues, gene therapies, vaccines, 
radiopharmaceuticals, and therapeutic products derived through 
biotechnology." Schedule D also includes: allergenic substances used for 
the treatment or diagnosis of allergic or immunological diseases; drugs 
obtained by recombinant DNA procedures; drugs other than antibiotics 
prepared from micro-organisms; monoclonal antibodies, their conjugates, 
and derivatives; snake venom; and other products.!8 Non-prescription 
products include over-the-counter medications!’ and natural health products 
such as vitamins, minerals, and herbal remedies.” Products for veterinary 
use, as the name suggests, are those therapeutic products intended for use 
in animals. Prescription products for human use include those products that 
contain as medicinal ingredients any of the compounds listed in Parts I and 
II of Schedule F of the Food and Drug Regulations. The remainder of the 
paper will be directed at pharmaceutical products for human use. 

NOCs can be granted in an ‘expedited’ fashion domestically in one of 
two ways.?! One is through Priority Review,” which refers to the fast- 
tracking of eligible NDS and SNDS intended for the treatment, prevention, 
or diagnosis of serious, life-threatening or severely debilitating diseases or 
conditions wherein there exists an unmet medical need or for which a 
substantial improvement in the benefit-risk profile of the therapy is 
demonstrated.” Evidentiary requirements for safety, efficacy, and quality 
parallel those for non-priority submissions, the main difference being an 
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accelerated review time.” Sponsors may also be granted an NOC with 
conditions (NOC/c)*> for eligible new or follow-on submissions directed to 
serious, life-threatening, or severely debilitating diseases or conditions for 
which there is promising evidence of clinical effectiveness based on available 
data.”6 In addition to less onerous evidentiary requirements, the review 
process for NOC/c approval is significantly accelerated.” The most 
significant difference compared to Priority Review is that licensure is 
granted on the ‘condition’ that the sponsor perform additional studies to 
confirm the drug’s alleged therapeutic benefit. Even so, the GOC has 
nominal jurisdiction to ensure a manufacturer’s compliance through post- 
market surveillance.** Table 3.1 shows examples of NOC/c approvals 
recently granted by the GOC as they are presented in the Health Canada 
database. 

A statistical analysis of NOCs issued in Canada from January 1, 2001 to 
December 31, 2008 inclusive was conducted. For each year, Health 
Canada’s ‘Prescription Products for Human Use’ NOC listing was analyzed. 
A listing for a given year encompasses NOCs issued from January 1 of that 
year to December 31. With respect to each NOC issued, the listing provides 
the following information: (1) the brand name of the prescription product 
that received the NOC; (2) the source of the prescription product 
(i.e. manufacturer or company name); (3) the active ingredient of the 


Table 3.1 Examples of recently issued NOC/c approvals 


NOC/c Active Date Indication Significance | Priority; NAS 
ingredient 
Isentress® | Raltegravir | 2007-11-27 | HIV integrase HIV/AIDS Yes Yes 
Potassium strand transfer 
inhibitor 
Duodopa® | Levodopa | 2007-03-01] Parkinson’s Parkinson’s No No 
Carbidopa disease 
monohydrate 
Lyrica® Pregabalin | 2007-11-09] Analgesic {Neuropathic pain} No No 
Atriance® | Nelarabine | 2007-09-22 | Anti-neoplastic) Adult & child No Yes 
T-cell acute 
lymphoblastic 
leukemia/T-cell 
lymphoblastic 
lymphoma 
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prescription product; (4) the date the NOC was granted; (5) the drug 
identification number (DIN) assigned to the prescription product upon 
the granting of the NOC; (6) the therapeutic class of that product (i.e. 
the specific indication or condition for which that prescription product 
is intended to be used); and (7) any additional comments such as the 
dosage requirement, route of administration, and whether the NOC was 
granted due to the manufacturer and/or product’s name change among 
other things. The listing explicitly states whether an NOC was issued 
under the NOC/c policy. Figure 3.1 illustrates how an NOC is presented 
in the listing. 

Health Canada’s NOC listing has some notable limitations. First, 
although it is organized alphabetically, listed drugs are not numbered. 
Therefore calculating the total number of NOCs issued in a particular year 
must be done manually. Second, the listing does not specify certain relevant 
information such as: (1) whether an NOC for a given prescription product 
was issued under New Drug Submission (NDS), Supplementary New Drug 
Submission (SNDS), Abbreviated New Drug Submission (ANDS), or 
Supplementary Abbreviated New Drug Submission (SANDS) application 
stream(s); (2) whether an NOC was granted under the Priority Review 
policy; and (3) whether a given prescription product contains a New Active 
Substance (NAS). Previously known as a ‘New Chemical Entity’ (NCE), an 
NAS may be directed to the following: a chemical or biological substance 


Therapeutic Class: 


Brand Name: Cialis 
Source: Eli Lilly Canada Inc. 
Active Ingredient: Tadalafil 
Comments: Manufacturer name change; 
TAB (2.5mg, 5mg, 10mg, 20 mg) ORL 
Date: 2007-09-11 
DIN: 0229688, 02296896, 02248088, 02248089 


cGMP-Specific Phosphodiesterase Type 5 
Inhibitor/Treatment of Erectile Dysfunction 


Therapeutic Class: 


Brand Name: Isentress ISSUED UNDER THE NOC/C POLICY 
Source: Merck Frosst Canada Ltd., Merck Frosst Canada Ltée 
Active Ingredient: Raltegravir (Supplied as Raltegravir potassium) 
Comments: TAB (400mg)ORL 

Date: 2007-11-27 

DIN: 02301881 


HIV integrase strand transfer inhibitor 


Figure 3.1 Example of two entries as they appear in the Health Canada NOC listing. 
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not previously approved for sale in Canada as a drug; an isomer, derivative, 
or salt of a chemical substance previously approved for sale as a drug in 
Canada but differing in properties with regard to safety and efficacy; or a 
biological substance previously approved for sale in Canada as a drug, but 
differing in molecular structure, nature of the source material or 
manufacturing process.”? Initially, we deemed drugs classified as NAS as 
‘first-in-class.’ However, Health Canada clarified that NAS drugs are not 
always first in their class, although on some occasions they can be.*° The 
definition of an NAS therefore determines both first-in-class and me-too 
compound-indication classifications (cf. Table 3.2). 

Health Canada has supplemented the listings with a searchable database 
that includes all NOCs issued in Canada since 1994. The database can be 
searched by a product’s brand name, drug identification number (DIN), 
NOC/c status, medicinal ingredient, manufacturer, submission class (NAS, 
Priority, Priority-NAS, or Other), therapeutic class, and type (veterinary, 
non-prescription, prescription, biologic, or radiopharmaceutical). 

To obtain additional information for our listings for each given year, we 
searched the database by product type (prescription pharmaceutical) and 
NOC date. Because entering a full year in the date field yielded too many 
NOCs to hold on one page, each year was broken up into three portions. For 
example, 2007 was subdivided into January 1 — April 30, May 1 — August 
31, and September 1 —- December 31. This method generated three NOC lists 
for a given year, identifying drug brand name, manufacturer, NOC date, 
medicinal ingredient(s), and DIN. The lists are arranged by date (from most 
to least recent NOC) and numbered. Numbering allows for easy calculation 
of the total NOCs in the list. Figure 3.2 illustrates the beginning portion of 
the database-generated list for January 1, 2007 to April 30, 2007. 

Within the database-generated list, the drug name (shown in bold capital 
letters) can be isolated to obtain ‘Notice of Compliance Information’ for a 
given drug. The NOC Information page provides a product’s NOC date, 
manufacturer name, type, NOC/c status, submission type (NDS, SNDS, 
ANDS, or SANDS), reason for supplement if the submission is an SNDS or 
SANDS (i.e. change in dosage, form, or route of administration), submission 
class (NAS, Priority, Priority- NAS, or Other), therapeutic class, Canadian 
reference product if the product is a generic, company name, and country of 
manufacture. Furthermore, the NOC Information provides the product’s 
DIN, medicinal ingredient(s), form, route of administration, and dosage. 
Figure 3.3 illustrates the Notice of Compliance Information sheet for the first 
drug shown in Figure 3.2, Hyoscine Butylbromide Injection Sandoz 
Standard. 
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1. HYOSCINE BUTYLBROMIDE INJECTION SANDOZ STANDARD 
Manufacturer: SANDOZ CANADA INCORPORATED 

NOC Date: 2007-04-27 

Medicinal Ingredients: HYOSCINE BUTYLBROMIDE 

DIN: 02229868 


2. ATRIDOX 

Manufacturer: TOLMAR INC 

NOC Date: 2007-04-27 

Medicinal Ingredients: DOXYCYCLINE HYCLATE 
DIN: 02242473 


3. PMS-TERBINAFINE 

Manufacturer: PHARMASCIENCE INC. 
NOC Date: 2007-04-26 

Medicinal Ingredients: TERBINAFINE HCL 
DIN: 02294273 


4. RATIO-TAMSULOSIN 

Manufacturer: RATIOPHARM INC. 

NOC Date: 2007-04-26 

Medicinal Ingredients: TAMSULOSIN HYDROCHLORIDE 
DIN: 02294265 


Figure 3.2 Example of Health Canada NOC database-generated list for January 1, 
2007 to April 30, 2007. Entries shown are the first four in the database-generated list. 


For each pharmaceutical in the NOC listing, we included additional data 
found exclusively in the NOC Information through the database-generated 
list. NOC Information for a given drug in the listing is also available by 
simply typing in a particular product’s brand name and NOC date, which 
bypasses the database-generated list. This method, although equally 
effective and accurate, is painstaking as it takes a considerable amount of 
time to type in the drug name and NOC date and wait for the database to 
bring up the desired result. Therefore a database-generated list for the year, 
albeit broken up into three portions, was the preferred method of 
proceeding with the analysis. 


3.2.2 Methods 


Each drug within each year’s (2001 to 2008) listing was classified as an 
NDS, SNDS, ANDS, or SANDS based on the NOC Information sheet. The 
total numbers of NDS, SNDS, ANDS, and SANDS were calculated for each 
year and then double checked by a blind party for accuracy. Unfortunately, 
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Notice of Compliance Information 


NOC Date: 2007-04-27 

Manufacturer: SANDOZ CANADA INCORPORATED 
Product Type: PRESCRIPTION PHARMACEUTICAL 
NOC with conditions: No 


Submission type: ANDS 
Submission class: OTHER 
Therapeutic class: ANTISPASMODIC 
Canadian Reference 


Product: BUSCOPAN 

Company: BOEHRINGER INGELHEIM 
Country: CANADA 

Brand 1 of 1: 


HYOSCINE BUTYLBROMIDE INJECTION SANDOZ STANDARD 


Product 1 of 1: 

DIN: 02229868 

Form: SOLUTION 

Routes: INTRAMUSCULAR, SUBCUTANEUS, INTRAVENOUS 


Medicinal Ingredients: 
Ingredient Strength 
HYOSCINE BUTYLBROMIDE 20 MG/ML 


Figure 3.3 Example of a Notice of Compliance Information sheet as it appears on 
the Health Canada NOC database. The sheet was obtained by selecting the first 
drug in the database-generated list shown in Figure 3.2. 


the database is not searchable by submission class (i.e. NDS, SNDS, ANDS, 
and SNDS). For example, we could not search the database by SANDS and 
year to get a complete list of all prescription pharmaceuticals that received 
an NOC by virtue of a SANDS application for that year. This is a significant 
limitation of the Health Canada database at the time of analysis. 

Initially, we counted all NOCs issued as NDSs. However, a sponsor may 
manufacture a drug and receive an NOC by virtue of NDS even if the drug 
does not differ in any respect (i.e. indication, medicinal ingredient, route of 
administration, or dosage) from a previous drug manufactured by that 
company. Health Canada mandates that where there is a change in the 
manufacturer and/or product name or manufacturing site, a drug 
manufacturer must apply for a new NOC by virtue of an NDS for any drug 
issued after such a change took place, even if the drug is not new in any 
other way.?! These NDSs are collectively termed by Health Canada as 
‘administrative NDSs.’*? Given these NDSs exist solely because of a product 
or manufacturer change and not because a new drug was issued an NOC, 


56 Patently Innovative 


the presence of these NOCs contaminated the data. Therefore all 
administrative NDSs were excised prior to analysis. Administrative ANDS 
NOCs were excised for the same reason. In order to determine which 
NOCs were administrative, comments provided in the listing were reviewed. 
The comments clearly stated whether an NOC was granted by virtue of a 
simple manufacturer or product name change. Once these NOCs were 
identified, they were subtracted from the initial total number of NDS and 
ANDS NOGCs to yield an accurate representation of how many substantive 
NDS and ANDS NOCs were issued in a given year. 

The percentage of total NDSs in a given year was calculated in two ways. 
The first involved the inclusion of generic drugs; therefore the percentage 
of NDS was calculated as a fraction of the combined total for all NDS, 
SNDS, ANDS, and SANDS for that respective year. This is summarized by 
equation 3.1: 


% NDS = NDS / (NDS + SNDS + ANDS + SANDS) [3.1] 


The second method involved the exclusion of generic drugs; therefore the 
percentage of NDS was calculated as a fraction of the combined total for 
all NDS and SNDS for that respective year. This is given by equation 3.2: 


% NDS = NDS / (NDS + SNDS) [3.2] 


The percentage of SNDSs in a given year was calculated in the same two 
ways as NDSs. In the first method the percentage SNDS was calculated as 
a fraction of the combined total for all NDS, SNDS, ANDS, and SANDS 
for that respective year. This is summarized by equation 3.3: 


% SNDS = SNDS/ (NDS + SNDS + ANDS + SANDS) [3.3] 


In the second method, the percentage of SNDS was calculated as a fraction 
of the combined total for all NDS and SNDS for that respective year. This 
is summarized as follows: 


% SNDS = SNDS / (NDS + SNDS) [3.4] 


The total number of NOCs classified as NAS was calculated for each year, 
2001 to 2008 inclusive. The Health Canada database is searchable by 
Submission Class, which includes the following categories: NAS, Priority, 
Priority-NAS, and Other status. By narrowing the search to prescription 
pharmaceuticals, a specified year, and NAS, we obtained a numerated list 
of all NOCs with NAS status that were issued in each given year. 
Subsequently, we narrowed the search to prescription pharmaceuticals, a 
specified year and Priority-NAS and obtained a numerated list of all NOCs 
with Priority-NAS status issued in that year. To calculate the number of 
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NOC s classified as NAS, we added the totals of both NAS and Priority- 
NAS NOCs. This is summarized by equation 3.5: 


Total NAS = NAS + Priority-NAS [3.5] 


Prescription pharmaceuticals classified as NAS are only submitted as NDS. 
However, for the sake of consistency, the percentage of NAS NOCs was 
also calculated as a fraction of the combined total of NDS and SNDS 
(ANDS and SANDS were excluded). This is summarized by equation 3.6: 


% NAS = NAS / (NDS + SNDS) [3.6] 


The percentage of ANDS in a given year was calculated as a fraction of the 
combined total for all NDS, SNDS, ANDS, and SANDS for that respective 
year: 


% ANDS = ANDS / (NDS + SNDS + ANDS + SANDS) [3.7] 


The percentage of SANDS in a given year was calculated as a fraction of 
the combined total for all NDS, SNDS, ANDS, and SANDS for that 
respective year: 


% SANDS = SANDS / (NDS + SNDS + ANDS + SANDS) [3.8] 


The next part of the analysis involved determination of NOCs classified as 
first-in-class or me-too. This proved to be one of the most difficult aspects 
of the study, as available definitions of first-in-class and me-too by 
regulators are very limited. We used information obtained directly from 
Health Canada to define first-in-class and me-too drugs. We then designed 
a methodology for determining which NOCs fall under these categories. 
This methodology is based on the principles outlined below. 

According to Health Canada, ‘first-in-class’ drugs are drugs that consist 
of either (1) a new family of active ingredient(s) or (2) old active ingredient(s) 
used for the treatment of a new indication (Table 3.2). Therefore a drug is 
deemed to be first-in-class if there is no other drug on the market that 
belongs to the same compound family and is used for the same indication.* 
In other words, a first-in-class drug is a drug for which there is no 
comparator.*4 

Conversely, ‘me-too’ drugs are drugs that offer important therapeutic 
options with little or no change to the benefit-risk profile.*° They are drugs 
that are comparable to others in terms of their compound and indication.*° 
Derivatives or salts of an existing compound are classified as me-too 
drugs.” As per the Health Canada definition, NAS NOCs include those 
directed to salts and derivatives.** Therefore drugs that are labeled as an 
‘NAS’ can be either first-in-class or me-too drugs. Initially, we assumed 
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Table 3.2 Health Canada compound-indication classification 


Year Compound/indication Classification 

2000 |Compound X (first ‘X’ Compound) with Indication A First-in class 

2001 |Compound X with Indication B First-in-class 

2001 |Compound aX (Compound in the family of X) with Me-too 
Indication A 

2001 |Compound aX with Indication B Me-too 

2001 |Compound aX with Indication C First-in-class 


me-too drugs could only be submitted as NDSs. The reasoning for this was 
that me-too drugs are neither generic drugs (ANDS or SANDS) nor line 
extensions (SNDS). However, as shown in Table 3.2, neither first-in-class 
nor me-too classifications stop at NOCs submitted as NDSs, depending on 
the chemical nature and use of the compound. SNDS NOCs can be 
classified as first-in-class or me-too; thus both can be issued as NDS and 
line extension (SNDS) NOCs.*9 

Based on the drug classification scheme outlined in Table 3.2, we 
determined which NDS and SNDS NOCs were first-in-class and me-too 
drugs. We analyzed all NOCs submitted as NDS for approval first. In 
analyzing this group, we started off with those NDSs deemed by Health 
Canada to have NAS status, as all first-in-class drugs would be included in 
this broad group. Obtaining a list of all NAS NOCs for a given year is 
relatively straightforward, given the ability to search the NOC database by 
NAS status. 

We assessed each NAS for the period 2001-2008 by cross-referencing 
the NAS drug’s active ingredient, NOC date, and indication with the 
Health Canada online NOC database and the World Health Organization 
(WHO) Collaborating Center for Drug Statistics Methodology website.”° If 
the active ingredient in the NAS was the very first of its family of 
compounds, the drug was classified as first in class. If the active ingredient 
in the NAS was a member of a family of compounds in which a drug 
already exists but the drug was used for a new indication, the drug was also 
classified as a first-in-class. All NAS not deemed to be first-in class were 
labeled me-too NOCs. The number of first-in-class NDS NOCs was then 
calculated. The total number of me-too NDS NOCs for each year was 
calculated using equation 3.9: 


Total NDS me-too = NDS - First-in-class NDS [3.9] 
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We then analyzed all NOCs submitted as SNDS. Because SNDS drugs are 
‘line extensions’ of previously existing drugs, the analysis turned primarily 
on new indications. Essentially, if an SNDS for a particular compound was 
given a new indication not seen before, as determined by cross-referencing 
the drug’s active ingredient, NOC date, and indication with the NOC 
database, it was deemed a first-in-class drug. The designation of first in 
class by virtue of a new indication was far from simple. The starting point 
for this process was the NAS. If Health Canada classified an NOC as being 
directed to an NAS, it can be assumed that the active ingredient has not 
been sold in Canada for that specific indication prior to issuance of the 
NOC. The next step was to determine whether a new indication exists for 
the medicinal ingredient associated with the NAS following issuance. One 
way to do this is via Health Canada’s searchable database. We entered the 
medicinal ingredient described by the NAS into the appropriate database 
field. This yielded a list of all drugs that have the same medicinal ingredient 
as the NAS. Because the list is arranged by date, the NAS presents as the 
earliest entry in the list. The next step was to go through each drug listed 
above the NAS and determine whether it is an SNDS with a new indication, 
which is indicative of a first-in-class drug. Part of the difficulty in correctly 
determining first-in-class NOCs is that the NOC database includes, when 
describing reasons for SNDS (as opposed to NDS), NOCs directed to new 
indications as well as new routes of administration, dosage forms, and 
contra-indications.*! Thus, within the new indication SNDS category, an 
NOC can be given for a new medical condition as well as for an extended 
treatment population, e.g. pediatric. However, only NOCs directed to new 
medical conditions are viewed by Health Canada as first in class.*? 
Therefore, assuming that all NOCs in the extended population SNDS 
subclass are first in class would artificially increase the number of true first- 
in-class NOCs. All SNDS NOCs not deemed first-in-class were labeled 
me-too by default. 

The number of first-in-class SNDS drugs was calculated as described 
above. The total number of SNDS me-too drugs for each year is calculated 
using equation 3.10: 


Total SNDS me-too = SNDS - First-in-class SNDS [3.10] 


The next step was to calculate the total number of NOC/c during the period 
2001-2008. By narrowing search terms on the Health Canada database to 
prescription pharmaceuticals, a specific year, and NOC/c, we obtained a list 
of all NOC/c that were issued in a given year. Because prescription 
pharmaceuticals provided with market authorization under the NOC/c 
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policy are only submitted as NDS or SNDS, the percentage of NOC/c was 
calculated as the fraction of the total of NDS and SNDS (e.g. ANDS and 
SANDS were excluded). This is summarized by equation 3.11: 


% NOC/c = NOC/c / (NDS + SNDS) [3.11] 


The total number of NOCs issued under Priority Review was calculated for 
2001-2008 inclusive. By narrowing the database search to prescription 
pharmaceuticals, a specific year, and Priority Review, we obtained a 
numerated list of all NOCs issued under Priority Review for that given year. 
We then searched the database by prescription pharmaceuticals, a specific 
year, and Priority-NAS status and obtained a numerated list of all NOCs 
with NAS status that were issued under the Priority Review Policy in that 
given year. To calculate the total number of NOCs granted via the Priority 
Review stream we added the totals of both Priority and Priority-NAS 
NOCs as given by equation 3.12: 


Total Priority = Priority + Priority- NAS [3.12] 


Prescription pharmaceuticals granted an NOC under the Priority Review 
Policy are only submitted for approval as NDS or SNDS. Thus the 
percentage of Priority NOCs was calculated as a fraction of the combined 
total of NDS and SNDS (ANDS and SANDS were excluded). This is 
summarized by equation 3.13: 


% Priority = Priority / (NDS + SNDS) [3.13] 


The total number of non-priority NOCs was calculated for each year, 
2001-2008 inclusive. We subtracted the total number of Priority Review 
NOCs from the combined total of NDS and SNDS for each year: 


Non-Priority = (NDS + SNDS) — Priority [3.14] 


The percentage of non-priority NOCs was taken as a fraction of combined 
total NDS and SNDS for each year: 


% Non-Priority = Non-Priority / (NDS + SNDS) [3.15] 


Finally, we analyzed whether NOC/c granted during the test period had 
their conditions met. This was done using the NOC database by following 
appropriate links through the ‘NOC/c conditions’ box, entering ‘Prescription 
Pharmaceutical’ in the Product Type field and entering January 1, 2001 to 
December 31, 2008 in the date field. This procedure yielded all NOC/c 
granted during the test period, from which we subtracted administrative 
NDS NOCs, as described above. The resulting list provides the drug name, 


Empirical analysis of drug approval 61 


drug manufacturer, NOC date, medicinal ingredient, NOC/c status, and 
information stating if and when the conditions were met. 

Data were tabulated and analyzed using Microsoft Excel® (Microsoft 
Corp., Redmond, WA), GraphPad Prism® (Graphpad Software Inc., La 
Jolla, CA), and SigmaPlot® (Systat Software, Inc., San Jose, CA). GraphPad 
or SigmaPlot were used to graph data, calculate linear regressions and 
exponential fits, and to obtain R?, time constants, slopes, and P values. 
Solid lines in Figures 3.4 to 3.10 represent linear regression fits to the data 
with the exceptions of Figures 3.8(c), 3.9(a), and 3.9(b), which were fit to 
exponential functions as described in the Results. 


3.3 Results 


The number of NDS NOCs for 2001-2008 inclusive (test period) was 52, 26, 
46, 62, 36, 54, 37, and 25 per year, respectively. As illustrated in Figure 3.4(a), 
the number of NDS NOCs issued over the test period declined slightly in the 
presence of stochastic fluctuations. When calculated as a percentage of total 
brand name and generic submissions (NDS, SNDS, ANDS, and SANDS), a 
similar trend was seen over the test period (Figure 3.4(b)), from approximately 
20% of total NOCs in 2001 to 8% in 2008. When expressed as a fraction of 
total brand-name submissions only (NDS and SNDS), the general trend was 
also toward a slight decline in NDS NOCs during the test period (Figure 
4.4(c)), around an average of about 25% of total brand name submissions. 
The total number of SNDS NOCs issued in the period 2001-2008 was 
118, 80, 149, 138, 102, 137, 167, and 161 respectively. As illustrated by 
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Figure 3.4 (a) Number of NDS NOCs; (b) percentage of NDS NOCs as a percentage 
of all NOCs (NDS, SNDS, ANDS and SANDS); (c) as a percentage of NDS and 
SNDS only. 


Data in this and all other figures and tables are for calendar years 2001—2008 inclusive. Fits 
to the data are described in detail in the Methods and text. Abbreviations for this and all other 
figures are provided at the beginning of the text. 


62 Patently Innovative 


the data in Figure 3.5, supplementary brand name submissions generally 
increased over the course of the test period. The total number of SNDS 
NOCs increased by approximately 60% during the period 2001-2008, 
though there is significant scatter in the data when administrative NOCs 
are removed (Figure 3.5(a)). SNDS NOCs expressed as a percentage of total 
brand-name NOCs issued (NDS and SNDS) also increased over the test 
period (Figure 3.5(c)). The increase in the number and percentage SNDS 
NOCs can be compared with the relative lack of change in SNDS approvals 
when expressed as a fraction of all NOCs (Figure 3.5(b)). 

Consistent with data for NDS NOCs, NOCs directed to NASs for the 
period 2001-2008 showed a slight decrease. The number of approvals for 
NASs per year was 21, 16, 16, 15, 12, 16, 20, and 14 during the test period. 
Figure 3.6(a) shows a declining trend, with significant scatter around an 
average of about 16 per year. The scatter is reduced when NAS NOCs are 
expressed as a percentage of total NOCs. Figure 3.6(b) demonstrates that 
the percentage of approvals for NAS NOCs was a small fraction of total 
NDS and SNDS approvals (10%) and that this fraction remained relatively 
constant during the test period. Along with the decline in NDS NOCs 
(Figure 3.4) and reciprocal increase in SNDS NOCs (Figure 3.5), the data 
in Figure 3.6 reveal that brand-name pharmaceutical firms are focusing less 
on new drug submissions and more on follow-on supplementary submissions, 
even when the broad scope of Health Canada’s NAS definition is taken into 
account. 

Figure 3.7 illustrates trends in market approvals issued to generic firms. 
The total number of NOCs in the ANDS category was 73, 57, 60, 67, 64, 
75, 98, and 90 over the test period. As shown in Figure 3.7(a), the trend 
was toward an increase in ANDS approvals, from a low of 57 in 2002 toa 
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Figure 3.5 (a) Number of SNDS NOCs; (b) SNDS NOCs as a percentage of all 
NOCs (NDS, SNDS, ANDS, and SANDS); (c) SNDS NOCs as a percentage of 
NDS and SNDS only. 
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Figure 3.6 (a) Number and (b) percentage (all NDS and SNDS NOCs) of NAS NOCs. 


peak of 98 in 2007. This represents an increase in ANDS NOCs of about 
72% over five years. ANDS approvals represented a fairly constant fraction 
of total NOCs issued over the test period, accounting for about a quarter 
of all NOCs issued by the GOC (Figure 3.7(b)). The total number of 
generic supplemental NOCs also increased over the test period (11, 16, 16, 
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Figure 3.7 Number of and percentage of all NOCs (NDS, SNDS, ANDS, and 
SANDS) of ANDS ((a) and (b)) and SANDS ((c) and (d)). 
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19, 13, 25, 24, and 24). As illustrated in Figure 3.7(c), the number of 
SANDS NOCs more than doubled over this time frame, from a low of 
about 10 approvals per year in 2001 to a high of about 25 per year in 2007. 
This trend did not change when the data are expressed as a fraction of total 
NOCs (NDS, SNDS, ANDS, and SANDS) issued yearly over the test period 
(Figure 3.7(d)). Thus the number of supplemental submissions by both 
brand-name (Figure 3.5) and generic firms (Figure 3.7) is increasing 
significantly with time. 

Results obtained using the method outlined in section 3.2.2 for 
determining the number of first-in-class and me-too NOCs are given in 
Figure 3.8. The number of first-in-class NOCs within the NDS category 
was 12, 7, 5, 7, 9, 8, 9, and 8 during the test period. Figure 3.8(a) shows 
that the number of these approvals was relatively constant over the period 
2001-2008, within a range of 5-12 per year. As illustrated in Figure 3.8(b), 
the number of me-too NDS NOCs decreased slightly over the test period, 
with a significant amount of scatter in the data around an average of about 
34 approvals per year. The number of calculated me-too NDS NOCs during 
the period 2001-2008 was 40, 19, 41, 55, 27, 46, 28, and 17. 
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(c) Number of FIC SNDS NOCs 


~ 


d) Number of Me-Too SNDS NOCs 
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Figure 3.8 Number of (a) first-in-class NDS NOCs; (b) me-too NDS NOCs; 
(c) first-in-class SNDS NOCs; (d) me-too SNDS NOCs. 
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A substantially different situation was observed with the calculated first- 
in-class and me-too SNDS data. As illustrated in Figure 3.8(c), the number 
of first-in-class SNDS NOCs increased substantially over the test period, 
from a low of 1 in 2001 to a high of 22 in 2008 (1, 1, 6, 7, 4, 13, 19, and 22). 
We used two methods to calculate the time-dependence, slope, and potential 
non-linearities in the data set. For simplicity’s sake, we present these in 
reverse order of statistical conservatism. For the first method, the data were 
fit to a single exponential function of the form y = a - exp'”»), where a is 
amplitude and b is the time constant. Both a and b were treated as free 
variables, and the fit was only to the time period 2001-2008. R? (squared 
correlation coefficient), representative of the ‘goodness of fit’ of the 
function to the data (0-1), was 0.92. This suggests significant acceleration 
of the increase in follow-on first-in-class approvals over time. The second 
method entailed the use of a linear model. We found that 86% of the 
variation in Figure 3.8(c) could be described linearly (P = 0.000938) as 
opposed to non-linearly. 

Given the results of the exponential fit, however, we also tested for a 
quadratic non-linearity using an ordinary least squares regression. While 
this increased the coefficient of determination to 92%, the squared term 
was not statistically significant at P < 0.05 (p = 0.102153). However, given 
that there are only eight observations, it is possible we are faced with the 
cliché that ‘an absence of evidence is not the same as evidence of absence.’ 
While it was not possible to provide evidence for a non-linear term using 
both statistical methods, there clearly is enough of a trend to warrant 
further investigation as more data become available. 

The number of me-too SNDS NOCs issued during the test period also 
increased significantly (Figure 3.8(d)), though not as dramatically as first- 
in-class SNDS NOCs. There was an approximate doubling of me-too SNDS 
NOCs over the period analyzed, from a low of 79 in 2002 to a high of 148 
in 2007. Along with the data in Figures 3.4-3.6, these results demonstrate 
a significant trend for domestic brand-name pharmaceutical firms to 
concentrate their efforts on supplementary line extension-type submissions 
rather than on new NDS, NDS NAS, or even NDS me-too-type 
submissions. 

Figure 3.9 shows the time-dependence of drug approval via the two 
expedited approval streams (NOC/c and Priority Review) over the test 
period. The total number of NOCs issued under the NOC/c policy was 2, 3, 
4, 3, 6, 13, 10, and 10 per year during the period 2001-2008. The data 
illustrate that the increase in NOC/c approvals occurred in a strongly time- 
dependent manner, independent of whether the data were expressed in 
absolute terms (Figure 3.9(a)) or asa fraction of total brand-name submissions 
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Figure 3.9 Number and percentage (percentage of all NDS and SNDS NOCs) of 
NOC/c ((a) and (b)); priority NOCs ((c) and (d)); non-priority NOCs ((e) and (f)). 


(Figure 3.9(b)). Using the first method described for analyzing data in Figure 
3.8(c), the data could be fit to a single exponential function with R? values 
of 0.7 and 0.6 for Figures 3.9(a) and 3.9(b), respectively. The linear model on 
the other hand did not provide a strong suggestion for a non-linear term. The 
coefficient of determination for the simple ordinary least squares fit was 74% 
and 65% for Figures 3.9(a) and 3.9(b), respectively. However, the squared 
terms were not statistically significant (p = 0.976373587 and 0.712446789, 
respectively). Even so, the data clearly demonstrate a substantial increase in 
the grant of NOC/c approvals over the test period, with an increase from a 
low of 3 in 2001 to a high of 13 in 2006 (650%, stabilizing at 500% in 2007 
and 2008). 

The fraction of total NOCs represented by NOC/c approvals increased 
from a nominal value of about 1% in 2001 to a peak of 7% of all NOCs 
issued by Health Canada to brand-name firms in 2006 (stabilizing at 5% in 
2007 and 2008). As such, there is good evidence favoring a positive time- 
dependent increase in NOC/c approvals over the test period using both 
statistical methods. There is some evidence from the exponential fits supporting 
acceleration of this trend (R? = 0.7 Figure 3.9(a); 0.6 Figure 3.9(b)), but the 
trends are not as strong as that reported for Figure 3.8(c) (R? = 0.92) and differ 
from the results of the ordinary least squares analysis. 

The data in Figures 3.9(a) and 3.9(b) contrast significantly with the 
Priority Review data set, where both the absolute number (Figure 3.9(c)) 
and fraction of total (Figure 3.9(d)) NOCs that were issued under the 
Priority Review stream decreased over the period 2001-2008 (13, 9, 5, 5, 
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8, 7, 9, and 5 per year). In comparison, non-Priority Review NOCs 
increased slightly over the test period, expressed either in absolute terms 
(Figure 3.9(e)) or as a fraction of total NOCs issued (Figure 3.9(f)). Indeed, 
comparison of data in Figures 3.9(a)-(d) demonstrate that while the 
number and percentage of Priority Review NOCs exceeded those for 
NOC/c approvals in 2001 by twofold, both trends were completely reversed 
by 2008. Given the relative lack of change in the fraction of total NOCs 
that were subject to Priority Review (Figure 3.9(f)), the data in Figure 3.9 
demonstrate that brand-name firms have been highly successful in 
facilitating early access via the NOC/c limb of the expedited stream. 

Data relating to whether or not the conditions associated with NOC/c 
approval were actually met during the test period are given in Figure 3.10 
and Table 3.3. Figure 3.10(a) depicts the number of NOC/c approvals 
issued per year that eventually had their conditions met: the filled portion 
of each bar represents the number of NOC/c approvals issued in a given 
year that had their conditions met, while the unfilled portion represents the 
number of NOC/c approvals granted in a given year that have not yet had 
their conditions met to date (i.e. filled and unfilled portions represent the 
fraction of total NOC/c with conditions met and unmet, respectively). For 
example, in 2001 two NOC/c approvals were granted: one had its 
conditions met in 2004 and one has not yet had its conditions met. 
Therefore the bar is half filled. In 2002, three NOC/c approvals were 
granted, and all three have not yet had their conditions met. The data in 
Figure 3.10(a) suggest a significant positive trend toward NOC/c approvals 
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Figure 3.10 Number of NOC/c granted by the GOC during the 2001-2008 test 
period that had their conditions met. 


(a) Filled bar portions represent the number of NOC/c issued in that calendar year that 
eventually had their conditions met. Unfilled bars represent NOC/c issued in that year which 
have not yet had their conditions met to date. (b) Year in which conditions attached to NOC/c 
were met independent of the year NOCs were granted. 
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Table 3.3 Date of NOC/c grant and date conditions associated with NOC/c were 
met during the period 2001—2008 


Year NOC/c Conditions met Conditions met 
(date of grant) NO YES 
2001-03-01 - 2004-07-5 (n = 1) 
2001 
2001-09-20 NOT met to date (n = 1) - 
2002 | 2002-05-28; 2002-08-07; 2002-11-25 | NOT met to date (n = 3) - 
2003-03-18 = 2005-07-20 (n = 1) 
2003 
2003-07-07; 2003-10-08; 2003-12-17 | NOT met to date (n = 3) = 
2004-06-30 - 2008-12-02 (n = 1) 
2004 
2004-06-02; 2004-12-08 NOT met to date (n = 2) 7 
2005-01-27; 2005-11-01; 2005-12-07 = 2007-09-11; 2008-12-02; 
2005 2008-10-23 (n = 3) 
2005-04-01; 2005-04-15; 2005-12-29 | NOT met to date (n = 3) = 
2006-04-24; 2006-05-12 - 2007-09-11; 2008-06-06 
(n = 2) 
2006 | 2006-05-03; 2006-06-16; 2006-06-26; | NOT met to date (n = 11) — 
2006-07-18; 2006-07-28; 2006-07-28; 
2006-08-17; 2006-10-06; 2006-10-18; 
2006-11-07; 2006-12-14 
2007-03-01; 2007-03-26; 2007-05-24; | NOT met to date (n = 10) aa 
2007 2007-08-01; 2007-09-12; 2007-09-22; 
2007-11-09; 2007-11-27; 2007-11-30; 
2007-12-20 
2008-01-17; 2008-03-03; 2008-05-02; | NOT met to date (n = 10) = 
2008 2008-06-18; 2008-07-23; 2008-09-09; 
2008-09-30; 2008-10-15; 2008-12-09; 
2008-12-19 
Total N=51 N = 43 N=8 
Percent 100% 84.3% 15.7% 


not having their conditions met during the test period, at least in the short 
period of time since issuance. 

Figure 3.10(b) shows the same data expressed as the year in which 
conditions for NOC/c approvals were met independent of the year NOCs 
were granted. Whereas Figure 3.10(a) is focused on the year NOC/c 
approvals were issued, Figure 3.10(b) is focused on the year conditions 
were met. Note that the y-axis is set slightly (-0.25) below zero. This was 
done in order to ensure years where no conditions were met were still 
represented by an observable bar. For example, in 2001, 2002, 2003, and 
2006 no NOC/c licences that were issued within the test period had their 
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conditions met. This can be contrasted with data from 2004, 2005, 2007, 
and 2008, where 1, 1, 2, and 4 NOC/c approvals ultimately had their 
conditions met. Unlike data in Figure 3.10(a), which appear to indicate a 
trend toward increasing non-compliance, the data in Figure 3.10(b) 
demonstrate a smaller yet parallel trend toward an increased likelihood that 
conditions attached to an NOC/c were met over the test period. 

Finally, we analyzed the number of NOCs approved during the period 
2001-2008 that were withdrawn for safety reasons.“ As illustrated in 
Table 3.4, a very small percentage of NOCs issued during the test period 
have been withdrawn in Canada to date. 

Withdrawal data can be parsed in two ways: first, as withdrawn NOCs 
(n = 10) expressed as a fraction of total NOCs (n = 2,122) granted over the 
test period; and second, as withdrawn products (n = 4) expressed as a 
fraction of total products (n = 608) associated with the larger number of 
NOCs. For the first procedure, 2,122 NOCs were issued over the test 
period, 10 of which were withdrawn within the same time frame. This 
amounts to 0.47% issued NOCs that were withdrawn. However, this value 
is somewhat misleading because consumers do not purchase NOCs. Rather 
they purchase and consume, and drug agencies typically regulate, drug 
products. Of 608 products receiving NOCs during the course of the test 
period, only four were withdrawn (Gatifloxacin, June 29, 2006; 
Lumaricoxib, October 3, 2007; Tegaserod, March 30, 2007; Valdecoxib, 


Table 3.4 Drug withdrawals for expedited and standard review streams for 
NOCs approved 2001-2008 in Canada and comparator jurisdictions 


a NOC issued Withdrawals (country) 
ai Canada Canada US France 
2001-8 2001-8*° 2001-776 2001-87” 
A. Expedited 
NOC/c 51 0 0 
Priority Review 61 0 0 0 
B. Standard 
NDS 338 4 1 0 
SNDS 1,052 0 (0) 0 
ANDS 584 0) 0 0 
SANDS 148 0) 0 0 
TOTAL 2,122 4 1 0 
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April 7, 2005). As noted above, this his amounts to a small percentage 
(0.66%) of marketed products issued in the test period that were 
subsequently withdrawn for safety reasons within the same time frame. 
Withdrawals in Canada were slightly higher than withdrawals for the 
same drug pool in at least two comparator jurisdictions (0.2%, US; 0%, 
France). However, of the total number of products or NOCs withdrawn in 
Canada for safety reasons during the test period (n = 4), none were 
withdrawn in the two expedited streams (NOC/c, Priority Review). Data 
were drawn from published studies in Canada,* the US,*° and France.“ 


3.4 Discussion 


Data from the qualitative and quantitative analyses undertaken here suggest 
that concerns expressed over PLF pushing Canada in a new direction concerning 
the workings and output of its drug regulatory regime may be somewhat 
overstated. The data demonstrate that the approval mechanism enshrined in 
the existing Food and Drugs Act and Food and Drug Regulations already 
anticipates the lifecycle approach, at least as it is described in the Blueprint," 
PLF Concept Paper,” and Bill C-51.5 Analysis of eight years of GOC approval 
statistics shows that new drug submissions have been on the decline for at least 
this long, while supplementary submissions from both brand-name and generic 
firms during this time have conversely increased. Moreover, Priority Reviews, 
which have the same or similar evidentiary requirements as standard review 
submissions, declined slightly over the period analyzed. By contrast, NOC/c 
submissions, which have reduced front-end evidentiary requirements compared 
to standard submissions, increased substantially. Thus, despite little or no 
change in the unmet medical needs of the Canadian population, a relatively 
small but significant percentage of drugs have entered our national market 
increasingly earlier in their product development lifecycle. 

The data further imply that the Canadian pharmaceutical industry as a 
whole may be ‘doing more with less.’ This conclusion applies to both the 
rate and direction of innovative activity undertaken by brand name and 
generic firms. New or standard drug submissions are flat while supplementary 
and generic submissions have increased substantially. Even approvals for 
new me-too drugs remained relatively constant or slightly elevated when 
compared to line extensions and new uses. The data reveal a trend away 
from development of novel ‘breakthrough’ pharmaceuticals over the course 
of the test period. Results of this nature may provide an example of policy 
resistance,°! whereby government policy inhibits or prevents the very thing 
it seeks to facilitate through the unintended consequences of its action(s).°? 
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3.5 Interpretation of data 


Our analysis of NOCs issued in Canada in the period 2001-2008 yields a 
number of major observations. First, the data demonstrate that the current 
drug regulatory regime already anticipates the lifecycle approach. Second, it 
provides insight into the types of drug submissions that are likely candidates 
to receive expedited drug approval under the terms of flexible departure. 
Third, the data speak to the issue of innovation patterns in the area of 
pharmaceutical development. Together, the data have important implications 
for the manner in which PLF is likely to be rolled out, the types of drugs that 
the public are likely to see on the market in the near future, and those drugs 
with which they are likely to be provided in the long term, absent significant 
changes in IPR rights associated with drug approval and marketing. 

Data generated in this study show that the existing regulatory system in 
Canada is already moving in a direction consistent with what is proposed 
under the PLF system: that is, toward earlier access to drugs that occupy 
the ‘extraordinary need’ niche with emphasis on post-market surveillance. 
This is most clearly exemplified by the NOC/c data set, expressed either as 
the number of NOC/c or as a fraction of total NOCs (Figures 3.9(a) and 
3.9(b)). As described in the Results, while the absolute number of NOC/c 
approvals is relatively small (peaking at 13 in 2006), the number when 
expressed as a function of total brand-name NOCs granted by the GOC is 
not insignificant (7%). Moreover, it is evident that the fractional number of 
NOC/c approvals is increasing significantly over time (from 1% in 2001 to 
7% in 2006) and that this increase is occurring in a strongly time-dependent 
manner (Figures 3.9(a) and 3.9(b)). The trend toward increasing NOC/c 
approvals is occurring despite a slight downward trend in new drug 
submissions expressed either in absolute terms (Figure 3.4(a) or as a 
function of total brand-name submissions (Figure 3.4(c)). Even more 
dramatically, the escalation in NOC/c approvals has been accompanied by 
a reverse trend in Priority Review NOCs (compare Figures 3.9(a) and 
3.9(c)). Since the NOC/c policy issues NOCs faster and under the condition 
that additional post-market authorization safety and/or efficacy studies are 
undertaken, there is an overall increase in drugs that are being authorized 
in a manner similar to that contemplated by Health Canada in the Blueprint 
and PLF Concept Paper policies and in Bill C-51. 

The data also suggest that the trend toward flexible departure is being 
accompanied by a small but significant trend for sponsors to meet 
conditions associated with NOC/c approval (Figure 3.10(b)). This conclusion 
is tempered by the large number of outstanding NOC/c approvals where 
the conditions have not yet been met (Figure 3.10(a); Table 3.4). A second 


72 Patently Innovative 


caveat is the fact that there is not a great deal of data in this regard given 
the gap between issuance and conditions met in later years which does not 
apply to analysis of approvals per se. The observation that an increasing 
number of drugs are being made available to the public under the 
circumstance that they meet certain conditions in order to maintain market 
authorization demonstrates that Health Canada is already approving drugs 
with PLF in mind. Positively, none of these drugs has been recalled for 
safety reasons to date (Table 3.4). 

Of interest, the data show that the number and fraction of total NOCs 
issued under the Priority Review policy have steadily declined over the test 
period (Figure 3.9(c)). The number has hovered fairly constantly around 7 
or 8 per year (Figure 3.9(c)) compared with increases in the number and 
fraction of non-priority NOCs (Figures 3.9(e) and 3.9(f)). At first glance, 
this might seem inconsistent with the notion that the GOC is anticipating 
PLF. For example, given that progressive licensing is partially geared toward 
enhanced access, it only seems logical that NOCs issued under Priority 
Review should also be increasing. On more careful examination, however, 
it is evident that a decreasing number of Priority Reviews is anticipatory of 
PLF. The policy for fast-tracking eligible NDS and SNDS is intended to 
provide enhanced availability of products for the treatment, prevention, or 
diagnosis of serious, life-threatening, or severely debilitating diseases or 
conditions where there is an unmet medical need or for which a substantial 
improvement in the benefit-risk profile of the therapy is demonstrated.>* 
Unlike the NOC/c policy, Priority Review is aimed at getting drugs approved 
faster without a change in the amount of scientific evidence required for 
approval prior to market entry. According to leadership at Health Canada, 
this ensures that drug manufacturers jump ahead of others in the approval 
queue. Moreover, Priority Review policy, unlike the NOC/c policy, does 
not demand that sponsors conduct post-marketing studies as a means to 
continue or maintain the NOC. Priority Review is essentially a fast-tracking 
mechanism without any further evidentiary obligations imposed on 
industry. This might be seen to accord less with PLF policy than the NOC/c 
mechanism. While both streams promote faster drug approval, only the 
latter is centered on the lifecycle approach, which demands that in return 
for faster drug approval, a drug’s safety and efficacy must be subject to legal 
scrutiny beyond initial market authorization. Thus it is reasonable to 
speculate that in anticipation of the PLF regime, Health Canada might shift 
somewhat away from the Priority Review stream as the primary means of 
enhancing access toward the NOC/c stream. 

Anticipation of PLF and consequently faster drug approval is also 
evident by other trends in the data set. For instance, the percentage of NDS 
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NOCs decreased over the test period (Figure 3.4(b)) whereas the number 
(Figure 3.5(a)) and fraction (Figure 3.5(b)) of supplemental submissions 
increased. SNDSs are also known as ‘line extensions’ of previously existing 
products, usually involving changes to a pre-existing drug such as a change 
in the route of administration (e.g. oral to intravenous), dosage form 
(e.g. tablet to capsule), salt form (e.g. besylate to mesylate), or indication 
(e.g. antidepressant to anxiolytic). For the most part, getting a line extension 
or SNDS onto the market is a faster process compared to drugs approved 
via the new drug submission stream. This is true even where approval times 
for SNDS and NDS are roughly equal, as production and marketing of line 
extension products takes less time than producing and marketing truly new 
drugs, owing to manufacturing experience and related competencies. Thus 
an increasing number of yearly SNDS NOCs is indicative of a general focus 
on faster access, if not faster approval. This conclusion is supported by the 
observation that the number of New Active Substances (NAS) is decreasing 
over time (expressed either in absolute terms (Figure 3.6(a)) or as a fraction 
of total brand-name NOCs (Figure 3.6(b)) issued), particularly given the 
broad NAS definition employed by the GOC. 

The present data also have important implications for the rate and 
direction of innovation by domestic pharmaceutical firms. For example, 
approvals relating to both types of NDSs (Figure 3.4) declined over the test 
period. By comparison, the number of supplemental submissions increased 
when expressed either in absolute terms (Figure 3.5(a)) or as a fraction of 
total brand-name submissions (Figure 3.5(c)). Together, the data indicate 
that pharmaceutical companies are increasingly doing more with less, 
implying that firms are expending fewer and fewer resources on developing 
breakthrough drugs and more on extending the utility of already existing 
products. This trend is also demonstrated by the decreasing number of NAS 
NOCs with time (Figure 3.6), because drugs in this group include those that 
differ minimally from pre-existing drugs such as salts, enantiomers, and 
other derivatives of already marketed compounds. Furthermore, the number 
of SNDS deemed to be first in class by virtue of new indications escalated 
in a strongly time-dependent and potentially non-linear (R? = 0.92, Figure 
3.8(c)) manner. Brand-name pharmaceutical firms are therefore strongly 
concentrating their efforts on getting as much value as possible from their 
existing drug development activities rather than focusing on the development 
of first-in-kind products. The data are in line with results from Health 
Canada indicating that there has been a 225% increase in the number of 
clinical trial applications since 2001, compared with only a 19% increase 
in firm R&D spending over a similar time period.* A parallel conclusion 
arises from the analysis of generic NOC data. For example, we found that 
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the number of ANDS and SANDS yielding NOCs during the test period 
increased substantially. This was true independently of whether the data 
were expressed in absolute terms (Figures 3.7(a) and 3.7(c)) or as a 
percentage of total NOCs (Figures 3.7(b) and 3.7(d)). The increase in the 
number of ANDS (75%, Figure 3.7(a)) and SANDS (100%, Figure 3.7(c)) 
NOCs was greater than the corresponding increase in NDS (no change, 
Figure 3.4(a)) and SNDS (15%, Figure 3.5(a)) NOCs. Absolute values for 
ANDS and SANDS are expected to reflect the increasing release of generic 
drugs into the market as the number of drugs that come off patent protection 
under the NOC Regulations increases. This trend is reflected in the data 
expressed as a fraction of total NOCs (Figures 3.7(b) and 3.7(d)) as well. 

One of the most intriguing findings of the study is that the number of 
new me-too (Figure 3.8(b)) and first-in-class (Figure 3.8(a)) NDS NOCs 
decreased slightly over the test period. By contrast, the number of follow-on 
me-too SNDS (Figure 3.8(d)) and first-in-class SNDS (Figure 3.8(c)) NOCs 
increased significantly. Me-too SNDS NOCs in particular doubled over the 
test period. Moreover, first-in-class SNDS NOCs increased in a strongly 
time-dependent manner, from 1 to 22. The slope of this increase well 
exceeds even that for generic supplemental submissions (Figure 3.7(c)). 
These data provide support for the conclusion that the Canadian domestic 
pharmaceutical industry is ‘doing more with less.’ Brand-name firms in 
particular appear to be expanding the market exclusivity duration of 
existing products, though firms obviously need to get on the market with 
at least one new compound in a given chemical class prior to expansion via 
SNDS. Together with data showing a decline in all types of new or standard 
submissions by brand-name firms (Figures 3.4(c), 3.6(a), 3.8(a), and 3.8)) 
and an increase in other types of supplementary submissions assessed 
(Figures 3.5(c), 3.8(c), and 3.8(d)), the results suggest that (1) the Canadian 
pharmaceutical industry, as a whole, is expending fewer of its resources on 
developing novel ‘first-of-kind’ technologies and more on leveraging 
existing technologies and (2) that technology appropriation is alive and 
well in Canada.*° 


3.6 Study limitations 


3.6.1 Empirical considerations 


The study is limited by the restrictions typical of empirical studies. First, 
data analyzed were only those for the test period. The year 2001 was 
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chosen as our starting point, as this was the date when substantial 
amendments to Canadian drug regulation were made that affected both the 
mechanisms and speed of approval.5 Second, there is significant scatter of 
the data from one year to the next which impeded a more strongly powered 
analysis. For example, we not only obtained yearly means as reported in 
Figures 3.1-3.10, but also calculated quarterly bins for each year in order 
to improve the statistical power in linear and non-linear analyses. However, 
we could not use this data owing to a small trend towards quarterly 
differences in the data set, e.g. there was a trend towards more approvals 
granted in the third and fourth quarters of each year. However, this trend 
did not reach statistical significance, necessitating the use of yearly averages. 
As a consequence, both sample sizes and statistical power were reduced. 
Finally, while we developed a novel method by which to obtain and analyze 
approval data independently rather than using GOC or PMPRB Annual 
Reports, we were nevertheless limited to the results publicly disclosed by 
Health Canada.** Equally important, our analysis was dependent on Health 
Canada’s method of determining the definition of an NAS, which in turn 
substantially influenced the methods used to calculate the number of first- 
in-class and me-too drugs. This is discussed in more detail below. 


3.6.2 Me-too and first-in-class criteria 


The compound-indication method summarized in Table 3.2 yields a 
fraction of me-too and first-in-class drugs that may differ from methods 
used by other agencies. For example, the WHO Collaborating Center for 
Drugs Statistics Methodology? produces a different result as to what 
NOCs would have been classified as first-in-class or me-too, yielding more 
me-too than first-in-class NOCs. The reason for this discrepancy is that 
under the WHO methodology, compounds that are in the same chemical 
family as the original first-in-class drug are all deemed to be me-too drugs 
irrespective of whether they are directed to new indications. Table 3.5 
illustrates this concept. 

However, the methods used to obtain the data in Table 3.5 differ from 
those used by Health Canada to classify NOCs, particularly in the SNDS 
category. The Health Canada methodology focuses not on chemical class 
but rather on both chemical class and indications. Nevertheless, assuming 
for the moment that the WHO classification is the right one for the 
purposes of this discussion, using it to analyze our data would have the 
effect of converting a certain number of supplemental first-in-class SNDS 
NOCs to new me-too NDS NOCs. While this might appear on the surface 
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Table 3.5 WHO compound-indication classification 


Year Compound/indication Classification 

2000 |Compound X (first ‘X’ Compound) with Indication A First-in-class 

2001 |Compound X with Indication B Me-too 

2001 |Compound aX (Compound in the family of X) with Me-too 
Indication A 

2001 |Compound aX with Indication B Me-too 

2001 |Compound aX with Indication C Me-too 


to shift the emphasis from ‘supplemental’ to ‘new’ submission approvals, 
both me-too NDS and first-in-class SNDS NOCs are directed to products 
that are extensions of existing technologies, largely via new use indications, 
as opposed to first-of-kind technologies. Therefore using the WHO 
framework would not alter our major observations and conclusions, 
including (1) that the pharmaceutical industry as a whole is doing more 
with less and (2) that an increasing number of drugs are being approved 
with significant post-marketing obligations over the test period, while 
NOCs in other expedited streams (e.g. Priority Review) have remained 
relatively constant or decreased slightly over the same time frame. 


3.6.3 Innovative value of me-too and line extensions 


We did not undertake a study of, nor are we offering a model for, innovation 
in the domestic Canadian pharmaceutical marketplace. Therefore we 
provide definitions for neither ‘innovation’ nor what constitutes an 
‘innovative’ therapeutic product. Rather, the point of the present study was 
to independently analyze several years of drug approval data, and to 
analyze the data from the perspective of the policies underpinning the 
emerging PLF regime. These include policies pertaining to safety and 
efficacy, expedited review (NOC/c and Priority Review), IPR rights, user 
fees, precautionary principle, etc.® Our concern, within the four corners of 
the present study, was whether NOCs were directed to (1) ‘new’ active 
substances, ‘new’ drug submissions, ‘first-in-class’ drugs, ‘priority’ review 
drugs, and drugs approved via the NOC/c stream or to (2) ‘me-too’ drugs, 
‘line extension’ drugs, ‘abbreviated’ generic submissions, and other 
‘supplemental’ submissions. We are mindful of the controversial nature of 
the debate surrounding the economic and therapeutic value of me-too and 
line extension drug products in Canada,®! France, the US,® the EU,“ and 
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the UK,® as well as recent reports on the need to facilitate innovation® and 
generic competition” in the context of shifting drug approval and associated 
IPR rights regimes. We are also mindful of the tendency of certain 
technological and regulatory systems to experience ‘lock-in’® as a result of 
increasing returns, and that the data described in this study may be a 
potential example of one or both of these processes. The relevance of the 
data to the issue of innovation in the pharmaceutical sector is the subject 
of data described in Chapter 4 on the empirical relationship between 
patterns of drug approval, patenting, and litigation. Finally, given that 
Canada and the US are the first two jurisdictions with established linkage 
regulations tying drug approval and drug patenting,” we have narrowed 
the interpretation of our empirical data and the associated literature 
review’! to primarily the North American context governed by emerging 
lifecycle regulation models with additional comments regarding global 
regulation where necessary. 


3.7 Assessing the lifecycle approach: the long view 


In an earlier work by our group,” a number of concerns are reviewed that, 
when combined, have provided the impetus for substantial law reform in 
the area of drug regulation. These include considerations relating to the 
speed and mechanism of approval, the relation of the former to fee-for- 
service user fees, the relation of the latter to a shift from the precautionary 
principle to risk management principles, and an increase in the public- 
private partnership characteristic of the approval process, including 
government vetting of increasing IPR rights associated with pharmaceutical 
products. The possibility exists that these issues have combined to result in 
more drug withdrawals, black box warnings, and dosage form 
discontinuations for safety reasons, and a significant expansion and 
acceleration of mortality and morbidity associated with high-profile drug 
withdrawals. The lifecycle approach has been criticized as only worsening 
many of these problems. This is particularly true of the focus on access at 
the cost of post-market safety and prolonged market monopolies on line 
extension and me-too drugs. The results in this chapter do little to ameliorate 
many of these concerns, as the data indicate the GOC is already anticipating 
PLF in its current regulatory efforts and that pharmaceutical firms are 
increasing their focus on extending the lifecycle of existing products and 
technologies rather than inventing new breakthrough products. 

We have referred to the rTPL innovation ecology here and elsewhere as 
an example of a dynamic, emergent, complex adaptive system. What makes 
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a system complex as opposed to merely complicated is the strong nature of 
the interrelationships and interdependencies of the actors and institutions 
making up a system or network. In the manner of a spider web, tweaking 
one strand affects all other strands in the web. As noted by Gell-Mann,” 
complex systems are characterized by broad rules that have increasing 
applicability and universality as the symmetry and elegance of the rules 
increase. We believe this applies to innovation ecologies regulated by law,”4 
particularly where large-scale public and private rights must be balanced. 
In order to assess the legitimacy of PLF as a regulatory tool in the service 
of a highly complex and adaptive pharmaceutical, clinical, economic, and 
political system, one must therefore look to both sides of the access-safety 
equation to see what value PLF has for so-called adaptive? or robust” 
policy-making. Too narrow a focus on access or post-licensing obligations 
can only lead to a viewpoint that will miss critical information that arises 
outside of its bandwidth. PLF is expressly intended to replace static, linear, 
one-sided, front-loaded, and time-locked models of drug development and 
regulation. Its legitimacy should be assessed that way, hence the need for 
the ‘long view.’ 

On one side of a shifted evidentiary balance, a lower threshold for initial 
market authorization will almost certainly equate to faster access to new 
drugs. The obvious danger of this is that potentially dangerous drugs may 
slip through the regulatory cracks, compromising patient safety.” Scholars, 
politicians, public interest groups, and media have argued that recasting the 
decision-making matrix for safety and efficacy in this manner will turn the 
public into guinea pigs for drugs that have not been adequately tested.” 
This position has been taken by Wright,” who claims that ‘regardless of the 
safeguards that are put in place, reducing the safety evidence required 
before new drugs are approved will make it very difficult to monitor and 
catch problems before it’s too late.’ Indeed, there is significant evidence to 
suggest that post-market studies that have been recommended by regulators 
thus far are not usually conducted by sponsors once approval has been 
given.® If this scenario were to continue, it is not difficult to envision how 
the lifecycle approach would create an ‘evidence-free zone’ for drug 
approval.®! In the absence of reciprocal balancing by post-market 
surveillance, criticisms of this nature are well grounded in light of poor 
decisions by pharmaceutical firms to design, cover up, or otherwise report 
clinical trial data selectively.*? 

Another significant question relating to PLF is the issue of flexible 
departure, concerns over which go well beyond the issue of faster approval 
times. These concerns flow from the fact that, under the terms of the 
proposed PLF regime, evidence of safety and efficacy in the context of 
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flexible departure would be limited to reports of the most commonly 
occurring adverse drug reactions, presumably overlaid by the broader 
requirement for an ‘evidence-based’ benefit-risk profile numerically 
favorable to the drug.*+ Particular attention has been directed to the 
possibility that the standard for flexible departure under Bill C-51 (251% 
evidence of benefit-risk)*5 will lead to an industry-focused benefit-risk 
assessment framework.’ Indeed, the issue of a shifted evidentiary framework 
has attracted consistent attention from commentators since the GOC held 
its stakeholder workshops in 2006-2007, crystallizing with the announcement 
of Bill C-51 on April 8, 2008. Similar concerns have been expressed over 
provisions for accelerated*’ and conditional! approval in the US and EU.® 
Despite these criticisms, however, it is reasonable to speculate, based on 
policy documents published by Health Canada, the US Institute of Medicine 
(IOM), the European Medicines Agency (EMEA), and the FDA that the 
precautionary principle will not be replaced at the locus of the decision- 
making process in emerging lifecycle models. The ‘semi-quantitative’ 
decision-making matrix elaborated by the EMEA” in particular suggests 
that both objective and subjective metrics will be used as part of the benefit- 
risk analysis. This implies that a moderate articulation of the precautionary 
principle will be subsumed within benefit-risk calculations.?! 

Having said this, it remains true that an explicit 251% benefit-risk 
standard differs significantly from a soft or normative evidentiary standard 
of 85%, 75%, or even 65%. Indeed, one of the major implications of 
emphasizing faster access to innovative drugs is that enhanced access 
necessarily brings with it risks beyond those already present under the 
constraints of the existing clinical trial platform.” This is particularly true 
for drugs subject to early release to the public via flexible departure. 
Nevertheless, while drug agencies in Canada,” the US, and the EU” have 
said that the risks of drug development must be shouldered by those that 
demand new and untested drugs, public opinion polls have clearly 
demonstrated that post-market safety should not be sacrificed for quick 
access to drugs. For example, in 2002, about the time that several high- 
profile safety withdrawals were coming to light and well before the GOC’s 
major policy articulations supporting PLE” an exemplary study showed 
that two-thirds of the respondents indicated a preference to wait for 
‘thorough safety testing’ of new drugs, with two-fifths of the public stating 
that getting drugs approved ‘as fast as possible’ is the ‘least important 
principle of the drug approval process ...’°’ Regulators moving to embrace 
emerging lifecycle models would thus do well to heed the growing body of 
empirical studies on complex public health systems. Results from these 
investigations imply that in the absence of recognition of the dynamic 
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nature of positive and negative feedback loops within the regulatory 
process, drug regulation has the potential to tilt precariously: first into 
subtle forms of policy resistance,’ then into more obvious forms of policy 
failure,” and, potentially, into system collapse.!°° Given the persistence of 
serious, high-profile post-marketing safety controversies in the last decade, 
it could be speculated that the latter of these mechanisms presents the 
strongest stimulus for regulatory reform. 

While the existing drug approval regime has raised many concerns over 
real or perceived conflicts of interest, it cannot be overlooked that the 
GOC’s PLF lifecycle initiative, as well as parallel initiatives by the FDA and 
EMEA, is specifically intended to rectify some of these ills. Public perception 
of the intent behind these initiatives has not been helped by the previous 
‘black box’ nature of drug approval,'®! which is one of the dragons these 
agencies claim they want to slay with the lifecycle approach.' As already 
noted, in various discussion and policy guidance documents, the GOC, the 
FDA, and the EMEA all appear to be explicitly grappling with the inherent 
uncertainties, risks, and complexities of drug development. It is an obvious 
truism that this is not an easy path to walk and, as recognized by the major 
drug agencies in the US! and Canada,!™ it will take active cooperation 
from the full range of public and private actors responsible for drug 
development, regulation, and consumption to make it work. As such, it is 
becoming increasingly accepted that the complexity, uncertainty, and risks 
of an rTPL innovation ecology in the medical sciences go hand in hand. 
They must be understood that way if we are to take the lessons learned 
from centuries of ‘linear? mental models and apply them to our growing 
understanding of complex ‘systems’ models! such as PLF which attempt 
to account for risk and uncertainty while also providing regulatory order. 
There will be those who resist this evolution, but their numbers will 
eventually be whittled away as empirical data challenge the simplistic 
assumptions underpinning the majority of linear models.!% 

In addition to offering a more realistic understanding of the risks and 
uncertainties involved in an rTPL ecology, there are other factors that 
render the lifecycle approach more advantageous than the existing regime. 
First, data on the correlation between user fee implementation and safety 
withdrawals are equivocal, even though data relating to the speed of 
review are not.!°7 While some studies show a positive correlation, several 
detailed and statistically powered studies demonstrate a convincing lack of 
change in the pattern of withdrawals before and after user fees were 
implemented. Despite these differences, there appears to be significant 
acceleration in the incidence of serious adverse effects associated with 
withdrawals when they do happen, potentially due to the speed and 
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breadth of market penetration and physician prescribing practices. 
Therefore, it would be desirable to have more studies on this issue in order 
to design a truly effective and efficacious lifecycle-based regulatory scheme. 
Moreover, as suggested by Carpenter et al.!°8 and Olson,! even where it 
has been empirically demonstrated, an increase in post-user fee withdrawal 
rates may be due to the effects of reviewers working toward mandated 
deadlines rather than shorter review times per se. As noted by the authors, 
this situation could be rectified, at least in part, by devoting more resources 
toward staffing, including funds appropriated from parent public health 
agencies rather than via industry user fees.'!!° Others have suggested 
curtailing direct-to-consumer advertising as a reasonable means to reduce 
accelerated market penetration and thus acceleration of the rate of adverse 
effects incidence.!!! As increasingly recognized by stakeholders in public 
debates and government-sponsored stakeholder workshops, it will be 
critical to educate the public as to the realities of information asymmetry 
and the principles of informed consent when requests are made for 
experimental therapies. 

There is also the role of the physician-patient nexus to consider. Indeed, 
complexity theory posits that each actor is just as important as the next in 
producing positive, negative, and unintended outcomes in a complex 
system.'!? Even after the severity of recent drug-withdrawal and conflict-of- 
interest controversies, society continues to be recalcitrant to lay blame on 
physicians. Along these lines, individual members of the public can no 
longer claim to be passive receptacles of drugs they assume are safe and 
efficacious. Each actor in the rTPL ecology must accept accountability for 
their role in the failure of the linear model of drug innovation. The necessity 
of distributing accountability to include not just obvious targets such as 
drug companies and government, but also physicians and the public, was 
recognized by the IOM in its influential report on drug regulation.!"3 
Narrowing clinical trial populations to hit desired safety or efficacy signals 
for market authorization differs from the scope of drug-prescribing 
practices by physicians. Both types of practices have different sets of 
motivations and incentives.!!* Physicians, if they are to play a positive 
rather than a negative role in moving PLF forward, must be more cognizant 
and prudent in their prescribing habits regardless of demands on their time. 
One prospective outcome of the principle of unintended consequences is 
that even one physician prescribing a drug off-label,!!> no matter what his 
motives (selfish or altruistic), can contribute to a non-linear avalanche of 
similar prescribing practices.''® Positive feedback loops such as those 
initiated by pharmaceutical advertising or patient advocacy groups may 
serve to speed this process exponentially. Support for this assumption 
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comes from the apparent acceleration of mortality and morbidity associated 
with recent high-profile drug withdrawals as well as the speed of drug 
agency withdrawals in response to this trend.!!7 The FDA’s rebuke!!8 to 
‘think it through’ when managing benefits and risks applies equally well to 
patients and physicians. The relevance of this approach is underscored by 
the multiple layers of unknowns in the so-called ‘real-world’ use of drugs,!!° 
which, once understood, should countenance caution rather than innovation 
in prescribing and consuming practices. 

It will of course be left to government as elected representatives to balance 
the range of competing public and private interests in the commercialization 
and regulation of publicly funded medical research. Purposive legal- 
regulatory balancing is new neither to legal nor political communities, as is 
evident in the rich interplay between IPR rights and competition law as well 
as rights balancing in human rights and administrative and constitutional 
law.! This body of jurisprudence suggests that the goals of society and 
those of individuals can be appropriately prioritized and balanced and that 
it is the role of law to do so. Interestingly, there is some evidence to suggest 
that the withdrawal rate due to post-marketing safety considerations is 
declining along with reductions in approvals involving new active substances, 
even though the breadth of this submission classification in terms of 
chemical structure and indication is very wide. If borne out by further 
empirical research, these data suggest that as pharmaceutical firms increase 
their benefit-risk ratio and reduce the costs of developing therapeutic 
products, the benefit-risk profile and social costs of public drug consumption 
will change correspondingly. 


3.8 Government as representative public agent 


The most important actor in the rTPL innovation ecology is the government 
as the elected agent of the public. Balancing layer upon layer of public and 
private interests in the GOC’s proposed lifecycle model therefore requires 
strong, if not aggressive, government leadership in punishing breaches of 
post-market licence terms and conditions. Drug agencies, however, are not 
neutral actors. Rather, they are political actors that demonstrate their 
preferences through relevant networks of laws and regulations.!?! Of 
concern in this regard is the fact that the PLF framework enshrined in Bill 
C-51 contains a highly flexible multi-stage, multi-threshold process for the 
suspension and revocation of clinical trial and market authorizations.!” 
Such flexibility, combined with wide discretionary powers,!? provides the 
legal grounds for the GOC to take either a strong or lax approach to 
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industry post-market compliance, notwithstanding new provisions directed 
to enforcement.!*4 As discussed previously,!*> the question is an open one as 
to which position the GOC will take. 

It is not surprising that pharmaceutical firms, being self-interested actors, 
have complied poorly or not at all with their post-market obligations.!”° 
Despite claims that much of this has to do with a lack of jurisdiction by 
relevant drug agencies,!*’ there is no question that these same agencies and 
pharmaceutical firms have pushed hard to locate common ground in their 
respective innovation and drug approval mandates. It is imperative, 
however, that governments maintain an arm’s length relationship with 
industry if they are to embrace the regulatory norms of increased 
transparency and post-market safety! and to avoid charges of bias and 
unfairness in the discharge of their public health mandates. This will be 
hampered to the extent that (1) there is tension in the function of these 
agencies to stimulate the economy and protect the public, and (2) when 
public health agencies do focus on the latter they are pushed by other 
governmental agencies and departments to focus on the former. Indeed, as 
noted by us!’ and others,!3° it is not just the Therapeutic Products 
Directorate (TPD) or the Health Products and Food Branch (HPFB) or even 
Health Canada that is fully responsible for drug regulation and approval. 
Since the repeal of compulsory licensing in favor of the current linkage 
regulation regime in 1993,!3! the public health mandate of the GOC relating 
to drug regulation has become increasingly bifurcated. For example, while 
Health Canada administers the Food and Drugs Act and Regulations, 
Industry Canada is responsible for administering both the Patent Act!*? and 
the NOC Regulations,! which link drug approval to drug patenting.!*4 
Further, the Privy Council is responsible for setting the tone for domestic 
regulation/deregulation and the increasing scope of regulatory harmony 
with food and drug agencies in other jurisdictions. A parallel situation 
exists in the US with the Hatch-Waxman'*> linkage regime tying patent 
protection under the US Patent Act!° to drug approval under the Food, 
Drug, and Cosmetic Act!*’ via patent listings in the Orange Book.!*8 

One need not even focus on interagency conflict, as this tension is very 
much alive and well within drug agencies themselves. As noted by Psaty!%° 
and Weiss Smith,'° the basic criterion for drug approval is that its benefits 
outweigh its risks, yet the FDA apparently views its ‘dilemma’ (even after 
the IOM Report was issued) as weighing the trade-off between access and 
safety.'*! A similar situation exists in the EU!# and Canada.! How this 
trade-off is parsed is now recognized to permeate all aspects of the 
regulatory decision-making process,!44 with particular consequences for the 
assessment of both the benefits and risks of new drugs!*5 under circumstances 
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where vital information is provided only by pharmaceutical sponsors. This 
tension has produced a clear push-pull dynamic concerning the traditional 
gatekeeping role of elected government in public health and its now 
established responsibility to enhance national productivity and prosperity 
via innovative medical research.'*° Governments fulfill this obligation in 
part through policies favoring strong IPR rights for marketed products, 
despite ample evidence that stacking IPR rights is not the path to greater 
therapeutic product development.'47 

Here and elsewhere we have provided theoretical'4® and empirical 
qualitative! and quantitative!’ evidence to suggest that too much of a 
focus on closed IPR rights may stifle innovation in an open rTPL ecology. 
Emphasis on private IPR rights in a public health context leads naturally to 
questions relating to the efficiency and effectiveness of innovation from a 
truly societal perspective,'>! owing not least to the possibility that consumers 
are paying monopoly prices for drugs that may offer little or no improvement 
over existing therapeutic products.!°? Related to this concern is the 
possibility that core public values underpinning public healthcare, IPR 
rights seen to drive national innovation, and public lobbying efforts in 
support of enhanced access to novel drugs may be quietly, but importantly, 
evolving over time away from communitarian interests. The result is that 
traditional conflict of interest models may now be in the direct firing line 
of sophisticated corporate strategists and lobbying groups. A shift in 
societal values of this nature may be related to the apparently growing 
emphasis in developed nations on legal rights protecting personal autonomy 
and individual choice over those rights emphasizing government fiduciary 
obligations and other collective rights, a trend that may have co-evolved 
with the importance of the individual over the collective in everyday life 
more generally.' 

A shift in public values of this nature may be reflected in the apparently 
autopoietic standardization of government-industry partnerships over 
time.'*4 Geographic differences in the norms of these partnerships in the 
context of drug regulation have been described.'*> Under this view, Canada 
is claimed to be a ‘middle-way’ jurisdiction, between the US and France, 
where substantial partnerships and co-dependencies exist side by side with 
some arm’s length adversarialism between the GOC and industry. Canadian 
policy development relating to drug development and drug regulation has 
been described as a form of clientele pluralism,!*° where a narrow economic 
interest (e.g. multinational pharmaceutical) strongly informs governmental 
policy-making in order to ‘preserve and protect the structural basis of that 
interest.’ There is little doubt that, based on a review of the Blueprint,!>’ 
Concept Paper,!°* and Bill C-51,!°? and related disclosures by the GOC,! 
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clientele pluralism has strongly informed both the policy and legislation 
underpinning the nation’s lifecycle approach to drug regulation. Enhanced 
regulatory partnering predictably raises the spectre of regulatory (or 
mission) creep.'*! Indeed, this scenario has been consistently acknowledged 
by drug agencies themselves! and is viewed by many to tilt the balance of 
power toward corporations and away from the public interest.' Global 
harmonization efforts favoring standardization of drug approval may thus 
trigger a further downward spiral in standard-setting.'!** This trend may, 
ironically, be enhanced rather than mitigated by a novel and untested 
regulatory mechanism.'® 

Gaps between regulatory science and the science of regulation represent 
a vital issue for emerging lifecycle models of drug regulation. This is 
particularly true of the Canadian PLF regime, given the scope of concerns 
expressed over flexible departure and the substantial degree of discretionary 
power retained by the GOC in relation to the suspension and revocation of 
clinical trials and marketing authorizations. Consequently, and for the 
purposes of maintaining a robust distributive balance of public and private 
interests in therapeutic drug development and regulation, drug agency 
leadership will somehow need to retain the political and normative power 
to ‘step away’ from their industrial partners in order to enforce fundamental 
legal powers relating to post-market safety. These powers include revoking 
expedited or otherwise probationary market authorizations where it is in 
the public’s best interests rather than the best interests of relevant 
government-industry partnerships. 


3.9 Summary and conclusions 


The data in this chapter suggest that concerns to the effect that lifecycle- 
based regulation represents a new direction with regard to Canada’s drug 
regulatory regime may be somewhat overstated. Indeed, our empirical 
analysis shows that the nation’s existing approval mechanism may already 
be anticipating the lifecycle approach and that this anticipation is occurring 
in an accelerated fashion. For this reason, we propose that flexible departure 
does not represent a new direction in Canadian drug regulation. Patients 
are already gaining more rapid access to experimental drugs that have a 
critical need for significant evidence of safety (and potentially efficacy) after 
the drug has entered the marketplace. Indeed, between 2006 and 2008, 
5-7% of all NOCs issued by Health Canada to brand-name pharmaceutical 
firms met this requirement. Remarkably, the trend for Priority Review and 
NOC/c approvals has completely reversed in the last seven years, with 
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NOC/c approvals now almost double that of Priority Review. To date, none 
of the drugs approved via these streams has been withdrawn for post- 
market safety reasons. Given that the available evidence suggests that very 
few of the post-marketing obligations recommended by regulators are 
actually met by pharmaceutical firms in other jurisdictions, it would appear 
that one side of the access-safety balance may be receiving more attention 
than the other from regulators. It is hoped that this gap, and the attendant 
ability of drug agencies to enforce post-market terms and conditions, will 
be remedied by the provisions of Bill C-51 (or future related legislation). In 
this regard, it is imperative that the GOC demonstrates strong and sustained 
leadership in suspending or revoking clinical trial and market authorizations 
where firms do not meet their obligations. This would be particularly 
relevant under conditions where drugs gain early market access via flexible 
departure. If not, it is plausible that a leftward shift in the access-safety 
balance will lead to more rather than less post-market safety issues. Strong 
leadership will also be vital where the incidence of serious adverse effects 
escalates in a non-linear or otherwise strongly time-dependent manner. 

The data further suggest that the Canadian system of pharmaceutical 
innovation may be ‘doing more with less.’ This conclusion applies equally 
to the rate and direction of innovative activity undertaken by brand-name 
and generic firms. New or standard drug submissions have been flat while 
supplementary and generic submissions have increased substantially. Even 
NOCs for NAS and me-too drugs declined when compared to NOCs 
directed to line extensions and new indications. Data presented in Figures 
3.1-3.10 imply that the Canadian pharmaceutical industry, as a whole, is 
focusing on prolonging market share and leveraging the utility of existing 
technologies rather than on the development of first-in-kind breakthrough 
products. As such, the data support the conclusion that technology 
appropriation is alive and well in Canada. An incremental approach to 
drug development of this nature is supported by innovation theory, which 
suggests that firms will only innovate in an area to the extent they capture 
all or most of the surplus from incentives they generate.' Even so, too 
much of a focus on incremental innovation propped up by entrenched IPR 
rights has the potential to downplay or minimize important discourse(s) 
relating to the social returns from innovation.'% 

Firms are obtaining increasingly more supplementary NOCs, more IPR 
rights per marketed product, and more control over pre-approval and post- 
approval processes with fewer pre-market evidentiary requirements, and 
thus lower costs of drug development; however, it is not only the 
pharmaceutical industry that may be doing more with less. The public is 
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clearly gaining more rapid access to experimental drugs aimed at addressing 
presumed unmet medical needs. In balancing this benefit the public is also 
being asked to shoulder more risk with less evidence of pre-market safety 
and efficacy in the context of flexible departure. Moreover, individuals are 
being exposed to fewer truly breakthrough drugs while paying more for 
those whose market value is being propped up by strong IPR rights, 
although this is offset somewhat by the concomitant increase in the 
availability of generic products. Whether the public will have more post- 
market protection on the other side of the balance is an open question, as 
it cannot be predicted what style of leadership the GOC will bring to bear 
on the issue. 

Finally, regulators are experiencing perhaps the greatest challenges to 
both limbs of the access-safety balance. Indeed, owing to uncertainties 
regarding post-market compliance and enforcement, it is not clear at this 
point whether governments will gain more clarity from less focus on the 
pre-market approval process and more on the post-marketing stage. 
Certainly, the speed of the approval process has increased owing to user fee 
implementation, enhanced regulatory harmony with other jurisdictions, 
and increased cooperation with firms. Unclear, however, is whether or not 
drug regulators will ultimately have a better overall drug safety record as 
they attempt to recalibrate tolerance of risk and uncertainty at pre-market 
and post-market approval stages. It is hoped that when implementing the 
lifecycle approach, public health agencies fully embrace the complexity and 
systems nature of the rIPL innovation ecology in which drug regulation is 
embedded. 

Taking an adaptive, learning-based approach to drug regulation has a 
number of advantages over historical linear models of drug development 
and regulation. First, it allows regulators to accept that there is no such 
thing as an ‘optimal’ front-loaded policy. Second, it will help broaden 
agency capacity bandwidth, in turn allowing regulators to adopt a 
paternalistic, partnership, or adversarial stance in its bargaining scenarios 
as necessary and sufficient. This should allow a regulatory culture to grow 
organically in response to complex environmental signals and therefore to 
help avoid the pitfalls of the existing front-loaded regime. Finally, taking an 
approach that is both adaptive and distributive in nature may afford 
government an excellent opportunity to react swiftly in response to 
dynamically changing post-marketing safety signals in a manner that is in 
the best interests of the public rather than those of government-industry 
partnerships. 
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Empirical analysis of pharmaceutical 
innovation and drug approval-drug 
patenting linkage* 


Abstract: Global drug development is undergoing a redefinition of the 
responsibilities of those who develop, regulate, and consume therapeutic 
products. This shift has been accompanied by growing debate over the 
validity of the claim that an efficiently functioning public health system 
requires acceptance of lifecycle models of drug regulation that promote early 
access to innovative therapeutic products in exchange for strong intellectual 
property and regulatory (IPR) rights. Indeed, IPR rights are assumed necessary 
for all stages of the therapeutic product lifecycle, including publicly funded 
medical research, university technology transfer, private research and 
development activities, regulatory submissions, and now even the post- 
market stage. Advocates claim that without such rights pioneering drug 
development would not occur and that the public would be left without 
breakthrough remedies. The goal of the research discussed in this chapter is 
to investigate this claim empirically and to assess how IPR rights might be 
used more effectively to encourage innovation in the medical sciences. We 
empirically extend our analysis of drug approvals in the previous chapter to 
encompass an analysis of the level of innovation associated with drug 
products approved by domestic regulators. We further extend this analysis to 
include an empirical assessment of the manner in which the linkage regulations 
are employed by pharmaceutical firms to extend patent monopolies on 
blockbuster products. The chapter concludes with a discussion of whether 
linkage has been a successful vehicle for encouraging the development of both 
new and generic drugs as well as whether it is advisable to collapse public 
health policy into economic policy, such as occurs with linkage regulations. 


*This chapter is based upon material in R.A. Bouchard, J. Sawani, C. McLelland, M. Sawicka, 
and R. Hawkins, ‘The Pas de Deux of Pharmaceutical Regulation and Innovation: Who’s 
Leading Whom?’ Berkeley Technology Law Journal 24(3): 1461-522 (2009). 
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Keywords: pharmaceutical linkage regulations, patent law, innovation, 
empirical analysis, new drugs, follow-on drugs, drug patenting, patent listing, 
patent litigation, market exclusivity 


4.1 Introduction 


Continuing with the framework developed in Chapter 3 the goal of this 
chapter is to develop an independent empirical methodology to identify 
patterns in the rate and direction of innovative activity by pharmaceutical 
firms and to analyze these data in relation to well defined regulatory 
incentives for pharmaceutical innovation via the provision of strong 
intellectual property and regulatory (IPR) rights. The work is designed to 
probe the functional and structural link between drug approval, drug 
patenting, drug litigation, and pharmaceutical innovation. In this chapter, 
data are presented on the relationship between drug approval, drug 
regulation, and drug innovation in the domestic Canadian market. We 
extended our analysis of drug approvals in Chapter 3, with a particular focus 
on the level of innovation associated with the types of drugs being approved 
and how approvals were consistent with emerging lifecycle models of drug 
regulation.! The second major aspect of the work is a pilot study on the legal 
nexus between drug approval, drug patenting, and litigation, which we 
propose reflects trends in the broader influence of government regulation on 
innovation in the global pharmaceutical industry. Specifically, we argue that 
the global pharmaceutical industry is leaning away from the development of 
new drugs and towards incremental changes in existing drugs as a result of 
firms locking in to discrete IPR rights targets provided for by law. 

The study is split into three sections. The first is an empirical investigation 
into the type of drugs approved by domestic regulators as regulatory 
incentives intended to stimulate innovation came into force. The primary 
goal here is to quantitatively analyze various types of ‘new’ and ‘follow-on’ 
drugs. A related, though smaller, component is to investigate trends for 
these drug types in the context of Canada’s emerging lifecycle regulatory 
regime for drug approval, referred to as the ‘Progressive Licensing 
Framework.’ Given its emphasis on promoting early access, enhanced 
post-market scrutiny, and strong IPR rights, progressive licensing offers an 
excellent opportunity to probe the relationship between drug approval, 
drug patenting, and innovation in an emerging drug regulation model. 

The second is an empirical study of patents and patent litigation 
associated with the various types of drug approvals identified in the first 
section. The primary goal of this project is to show how government 
regulation shapes the domestic market for brand-name and generic 
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products. Particular attention is given to changes in patenting and litigation 
patterns before and after the establishment of the Canadian ‘linkage 
regulations’ regime in 1993, referred to as the Patented Medicines (Notice 
of Compliance) Regulations (NOC Regulations).? Linkage regulations are 
critical to drug development, as they legally tie drug approval to drug 
patenting and litigation and thus represent a primary mechanism by which 
regulators promote drug development in exchange for IPR rights. 

The third section is an analytical model of regulated pharmaceutical 
innovation, which focuses on the effectiveness of regulatory incentives intended 
to encourage innovation. Of particular interest is the synchronization of 
drug approval, patenting, and litigation data to the establishment of NOC 
Regulations and progressive licensing. As noted in Chapter 2, progressive 
licensing is still being formally incorporated into the nation’s regulatory 
regime. Therefore the majority of the analysis focuses on the relationship 
between drug approval, patenting, and litigation under the NOC 
Regulations. 


4.2 Methods 
4.2.1 Drug approval 


Statistical analysis of drug approvals issued in Canada from January 1, 
2001 to December 31, 2008 was performed as described previously.* 
Absolute numbers and fractional percentages of various types of drug 
approvals were calculated for each year during the eight-year test period in 
annual, quarterly, monthly, and daily increments. Drug approvals used for 
calculation include NDS, SNDS, ANDS, and SANDS submissions, those 
directed to a NAS, first-in-class drugs, me-too drugs, and drugs approved 
via the two expedited review streams (Priority Review and NOC/c). 

For the present purposes, ‘new’ drugs were those that were either 
approved through the New Drug Submission (NDS) stream, contained a 
new active substance (NAS), or directed to first-in-class (FIC) drugs. In 
contrast, ‘follow-on’ drugs were either brand-name drugs approved through 
the Supplementary New Drug Submission (SNDS) stream, approved via the 
SNDS stream directed to FIC therapies, approved via the SNDS stream 
containing an NAS, or generic drugs approved via either the standard 
Abbreviated New Drug Submissions (ANDS) stream or the follow-on 
Supplementary ANDS (SANDS) stream. The classification system is 
summarized for convenience in Table 4.1. 
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Table 4.1 Classification scheme for new and follow-on 


drugs 
Firm type New drugs Follow-on drugs 
A. Brand NDS SNDS 
NDS Me Too SNDS Me Too 

NDS NAS SNDS FIC 
NDS FIC NDS ER 
NDS ER - 

B. Generic - ANDS 

— SANDS 


4.2.2 Drug patenting 


We also conducted a study on the relationship between drug approval, drug 
patenting, and drug litigation. This involved statistical analysis of patenting 
patterns associated with 16 of the most profitable drug products in 
Canada. We chose the top 16 drugs for our initial study given that this 
cohort was likely to display the strongest patenting and patent listing 
patterns. This is because pharmaceutical companies have a vested interest 
to protect the market on their most profitable drugs, and the primary 
means of doing so is via patenting. Each of the drugs studied under the 
patent analysis were approved in Canada between 2001 and 2008 and were 
analyzed as part of the drug approval data shown in Figures 4.1-4.3. 
Unlike the drug approval study, the drug patenting study was not restricted 
to a certain time period. This was necessary because many of the patents on 
drug products for which approval was granted during the 2001-2008 test 
period were filed and issued before 2001. 

A detailed patent search of the Canadian Intellectual Property Office 
(CIPO) database was conducted for each drug approved and analyzed in 
Sawicka and Bouchard.® The CIPO search employed broad search terms for 
each drug in question with an effort to cast the widest possible net so that 
even patents with a remote possibility of being relevant would be returned 
by the search engine and made available for analysis and classification. The 
search was designed to return all patents owned or assigned to the drug’s 
manufacturer — including those owned by its parent company, subsidiaries, 
and partners — that made claims regarding the specific medicinal ingredients 
associated with the drug or claims regarding the general therapeutic 
class(es) to which the drug belongs. The patent search for each drug was 
comprised of two search strings: (1) a specific search string that returned 
patents likely to be relevant to the specific drug in question; and (2) a 
general search string that returned patents that were likely to be relevant to 
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the general therapeutic class associated with the drug in question. Both are 
provided in Table 4.2. 

The specific search string used Boolean operators to return all patents 
owned by the drug manufacturer or its affiliates that mention either the 
drug’s chemical name(s), code name(s), brand name(s), chemical class(es), 
or chemical formula(e) and have priority dates between the date of Canada’s 
Confederation and the start date of the study. Databases such as the CIPO, 
the Canadian Patent Register (CPR), the US Patent and Trademark Office 
(USPTO), and the Orange Book (OB) databases as well as secondary 
sources were used to acquire an exhaustive list of all possible chemical 
names, code names, brand names, and chemical classes associated with a 
particular drug. In determining the chemical formula, precedence was given 
to formulae expressed in patents found on CIPO and USPTO databases. 
The owners referred to within the search string refer not only to the drug’s 
manufacturer but also to its possible parent company, subsidiary, and 
partner(s). This list of owners was cross-referenced using CIPO, CPR, 
USPTO, and OB databases as well as searches of case law and secondary 
sources where necessary. 

The general search string used Boolean operators to return all patents 
owned by the drug manufacturer or its affiliates not previously found by 
the specific search string that mention the therapeutic class(es) to which the 
drug belongs or make specific reference to the drug’s active site. 
The therapeutic class and active site of a drug are obtained by reference to 
the CIPO, the CPR, and their American counterparts, the USPTO and OB 
databases, and secondary sources such as company websites and Internet 
searches. These sources were used to acquire an exhaustive list of all 


Table 4.2 Search strings for data collection and analysis 


Search string Boolean operators 
A. Specific search ((chemical name)<OR>(code name)<OR>(brand 
string name)<OR>(chemical class)<OR> (chemical 


formula))<AND>(owners<|IN> 
OWNER)<AND>(PAPD>=1867-07-01)<AND> 
(PAPD<=study start date) 


B. General search ((therapeutic class)<OR>(active 
string site))<AND><NOT>(chemical name)<AND><NOT> 
(code name)<AND><NOT> (brand 
name)<AND><NOT>(chemical class)<AND><NOT> 
(chemical formula)<AND>(owners<IN> 
OWNER)<AND>(PAPD>=1867-07-01)<AND> 
(PAPD<=study start date) 
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possible chemical names, code names, brand names, and chemical classes 
associated with a particular drug. 

Combined, the two search strings returned a broad list of potential 
patents owned or assigned to the Canadian manufacturer or its subsidiaries 
and partners. The legitimacy of the search terms was confirmed using 
Health Canada’s drug approval data, as well as manufacturer, securities, 
and exchange websites, from which ownership histories were ascertained. 
Patents were individually inspected and pruned when deemed irrelevant to 
drugs in the study. The USPTO database, which provides a history of prior 
art, was also used as a means of cross-referencing patents for relevance. 
Relevant patents were sorted by priority date and cross-referenced with the 
patents registered on the CPR pursuant to linkage regulations. 


4.2.3 Patent listing and litigation 


We quantified patents identified using the search method that were also 
listed on the Canadian Patent Register (CPR) under NOC Regulations. 
Patents listed on the register can be litigated numerous times since they can 
be listed for multiple Drug Identification Numbers (DINs) under the NOC 
Regulations. Patent listing is a critical step to potential extension of patent 
monopolies for drugs coming off patent protection because generic firms 
must demonstrate in litigation that each patent on the list is either invalid 
or not infringed by the generic product to obtain market approval. For our 
purposes, only the date of first instance (the earliest date on which the 
patent was registered) for each patent was collected and analyzed. 

In addition to analyzing patents listed on the patent register, we also 
investigated the case law pertaining to patents litigated under the NOC 
Regulations. We assessed the number and types of trials, the number of 
patents litigated in these trials, the number and types of legal decisions on 
listed and litigated patents (motions, trial and appellate decisions), whether 
listed patents were valid and infringed (brand name victory) or invalid and 
not infringed (generic victory), and the theoretical and actual extension of 
patent monopolies via the operation of linkage regulations. 


4.2.4 Analytical model 


The third element of the study was the synthesis of empirical data from the 
drug approval, patenting, and litigation studies into an analytical model. The 
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focus of the analysis is on the impact of regulatory incentives designed to 
facilitate breakthrough pharmaceutical innovation via the provision to firms 
of strong IPR rights. Throughout the study we compare data relating to the 
time courses of varying types of drug approvals with concomitant drug 
patenting, patent listing, and litigation data. Particular attention was given to 
the synchronization, if any, of approval, patenting, listing, and litigation data 
to the times for establishment of the NOC Regulations and proposal of the 
Progressive Lifecycle Framework, as both were intended to facilitate 
enhanced access to novel therapeutic products in exchange for strong IPR 
rights. However, since most of the data relate to the period before the 
Progressive Lifecycle Framework was fully integrated into Canadian law, the 
majority of the analysis relates to the linkage regulations. Further elaborating 
the rIPL concept introduced in Chapter 3, the analysis has been cast in terms 
of a complex adaptive innovation ecology in the final section of the chapter. 


4.2.5 Data analysis 


Drug approval, patenting, patent listing, and litigation data were collected, 
statistically analyzed, and graphed as described previously’ using a 
combination of Excel® (Microsoft Corp., Redmond, WA), GraphPad 
Prism® (Graphpad Software Inc., La Jolla, CA), and SigmaPlot® (Systat 
Software, Inc., San Jose, CA). Legal decisions relating to listed and litigated 
patents were obtained using Quicklaw™ (Lexis Nexis®) and Westlaw® 
(Thomson Reuters®). Economic data relating to prescribed pharmaceuticals 
were obtained with permission from IMS Health Inc. (Canada) and from 
published reports from the Canadian Institute for Health Information 
(CIHI). Patent data were obtained from the Canadian (CIPO) and US 
(USPTO) patent databases. 


4.3 Results 
4.3.1 Drug approval 


To empirically investigate the relationship between drug regulation and 
innovative therapeutic product development, we first reviewed market 
authorizations for pharmaceuticals in Canada over the period 2001-2008 
(test period).8 The year 2001 was taken as the starting point for analysis, 
as major amendments to the nation’s food and drug legislation and 
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regulations were made at that time which affected both the goals and 
mechanism of national drug regulation.? Market authorizations in Canada 
are referred to as Notices of Compliance (NOC). We analyzed a total of 
3,837 NOCs. Of these 45% were administrative in nature, e.g. product 
manufacturer or name change. This left 2,122 approvals for detailed 
analysis. These approvals were attached to 608 marketed drug products, 
amounting to an average of 3.5 approvals per product. 

Using the classification scheme described in section 4.2 and summarized 
in Table 4.1, we found that follow-on drugs constituted the vast majority 
of drugs approved in the domestic market over the period 2001-2008. For 
example, in 2001 the total number of follow-on approvals was 2.39 times 
greater than that for total new drug approvals. This constituted 70.5% of 
all approvals in Canada over the test period and 65.33% of approvals 
granted to brand-name pharmaceutical firms. As shown in Figure 4.1(a), 
this trend intensified over the test period. By 2008, the number of follow-on 
approvals was 6.32 times greater than new drug approvals. This constituted 
86.4% of all approvals in Canada and 86.02% of brand name approvals 
over the same time frame. Approvals directed to line extension drugs 
(SNDS, O) accounted for 34% in 2001, increasing to 47% in 2008. By 
comparison, the more innovative supplementary first-in-class drugs (SNDS 
FIC, @) made up the smallest fraction of all follow-on approvals (5.4% in 
2001). While the number of SNDS FIC approvals was small, it nevertheless 
increased sharply over time, from 1 in 2001 to 22 in 2008. As shown in 
Figure 4.1(a), follow-on approvals granted to generic firms based on 
bioequivalence to previously marketed products also increased significantly 
over the test period. Both standard (ANDS, E) and supplementary (SANDS, O) 
generic approvals increased by 28.6% and 118.2%, respectively, over 2001 
values. Therefore, all four categories of follow-on drugs increased over the 
test period. 

Figure 4.1(b) demonstrates opposite trends for all new drug categories 
over the course of the test period, and that these changes took place from 
a smaller baseline. Approvals granted for all new drugs combined declined 
from 29.5% of total approvals in 2001 to 13.69% in 2008. Similarly, 
approvals granted to brand name pharmaceutical firms decreased from 
34.67% of total approvals in 2001 to 13.44% 2008. These data represent 
a reduction of 55% and 48% in total approvals and approvals granted to 
brand name firms respectively over the eight-year test period. As the 
regression lines illustrate, the approvals for all three new drug metrics 
(NDS:O; NAS: @; NDS FIC: m) declined steadily over the course of the test 
period. 
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Figure 4.1 Shifting patterns of drug approval and drug regulation during the period 
2001-2008. 


(a) Market authorizations for several types of ‘follow-on’ drug increased over the 2001—2008 
test period. This includes brand name Supplemental New Drug Submission (SNDS; O) and 
SNDS first-in-class (SNDS FIC; ®) approvals, and generic Abbreviated New Drug Submission 
(ANDS; ®) and follow-on Abbreviated New Drug Submission (SANDS; ©) approvals. (b) In 
contrast, approvals granted to brand-name firms for ‘new’ drug submissions declined from a 
smaller baseline over the same period. This included approvals from New Drug Submission 
(NDS; ©), New Active Substance (NAS; ®), and NDS first-in-class (NDS FIC; Ħ) streams. (c) 
Expedited review pathway for drug approval is shifting towards probationary-type approval 
consistent with emerging lifecycle models of regulation: expedited drug approvals with no 
post-market evidentiary obligations (Priority Review; O) decreased over the 2001-2008 test 
period while those with significant post-market obligation conditions (NOC/c; ®) increased 
steeply over the same time frame. 


Time series plots for new and follow-on approvals are presented in Figure 4.2. 
Approval data for both classes of drugs are expressed as approvals per day 
plotted by month and year over the test period. The data illustrate that both 
new (@) and follow-on (e) drug approvals were well spaced out over the 
course of a given year rather than aggregated in a given month or year, 
particularly when viewed over the course of the entire test period. Therefore 
there was no daily or monthly variation skewing yearly averages discussed in 
relation to Figures 4.1 and 4.3. Comparative data for all new and follow-on 
approval categories in 2001 and 2008 are provided in Table 4.3. 
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Figure 4.2 Time series distribution for new and follow-on drug approvals during 
the period 2001—2008. 


Bubbles represent approvals granted per day for ‘new’ (@) and ‘follow-on’ (@) drugs as 
defined in the text accompanying Figure 4.1. Bubble diameter is a linear representation of the 
number of approvals granted per day distributed over the course of the test period expressed 
yearly and by month. The data illustrate that both new and follow-on drug approvals were 
well spaced out over the course of the test period rather than being aggregated in a given 
month or year, particularly when viewed over the course of the entire eight-year test period. 


Table 4.3 Comparison of 2001 and 2008 drug approval data 


Drug type 2001 2008 A (%) 
N= | % total N= | % total 

A. New drugs 52 20.4% 25 83.3% -51.9 
NDS 52 | 100.0% 25 | 100.0% -1.9 
NDS FIC 12 23.1% 8 32.0% 33.3 
NDS NAS 21 40.4% 14 56.0% =33.3 
B. Follow-on drugs | 203 79.6% | 275 91.7% 35.5 
SNDS 118 58.1% | 161 58.5% 36.4 
SNDS FIC 1 0.5% 22 8.0% 2,100.0 
ANDS 73 36.0% 90 32.7% 23.3 
SANDS 11 5.4% 24 8.7% 118.2 
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Figures 4.3(a)-(d) are area diagrams illustrating cumulative approval 
data for various categories of new and follow-on drug products. As shown 
in Figure 4.3(a), only 16% (n = 338) of the 2,122 drugs approved over the 
period 2001-2008 were deemed to be ‘new’ drugs. This refers to NDS 
submissions, including those directed to first-in-class therapies and those 
including a new active substance. By contrast, 84% (n = 1,784) of approved 
drugs were ‘follow-on’ in nature, including brand-name SNDS approvals, 
generic ANDS and SANDS approvals, and brand-name SNDS approvals 
directed to first-in-class therapies. 

Figure 4.3(b) shows the results of a more nuanced analysis of follow-on 
drugs, this time focusing on comparison of me-too and first-in-class drugs. 
Of all drugs approved between 2001 and 2008, 59% (n = 1,252) were me 
too. Of note, the fraction of me-too drugs was substantially greater than all 
first-in-class drugs, irrespective of whether they were NDS or SNDS (6.5%; 
n = 138). The requirements for NDS and SNDS first-in-class and me-too 
drugs are summarized for convenience in Table 4.4. 

Generic drugs were the final follow-on category to be assessed. The split 
between total brand name and generic drugs approved from 2001 to 2008 
is shown in Figure 4.3(c). Of all drugs approved over the test period, 65.5% 
were directed to brand name products while the remaining 34.5% were 
directed to generic products. 

Data for the most innovative drugs approved during the test period are 
given in Figure 4.3(d). Only a small fraction (6.1%) of drugs approved 
(n = 130) during the test period contained an NAS. Similarly, of 2,122 
drugs approved, only 5.3% (n = 112) went through the two expedited 
approval streams (Priority Review or NOC/c), and of these only a small 
number (n = 26) were also directed to first-in-class therapies and contained 
an NAS. This amounted to 1.23% of total drug approvals over the eight- 
year test period and 1.87% of total brand-name approvals over the same 
period. These results illustrate that the typical drug approved by Canadian 
regulators over the period 2001-2008 was most likely to be a follow-on 
drug approved via the SNDS stream rather than a new drug approved via 
either the NDS stream or either expedited stream (Priority Review or 
NOC/c). The likelihood that a drug approved during the test period 
satisfied the most stringent requirements for a breakthrough drug was close 
to zero (1.23%; or 1.87% brand approvals). 

As discussed above, there are two forms of expedited drug approval in 
Canada: ‘Priority Review’ and approval via the ‘NOC with conditions’ 
(NOC/c) pathway.!9 Priority Review allows appropriate candidates to be 
shifted forward in the approval queue without a change in the evidentiary 
requirements for safety and efficacy required for conventional NDS 
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Figure 4.3 Profile of pharmaceutical innovation in Canada between 2001 and 2008. 


(a) New v. follow-on approvals. Of total drugs approved over the test period, 15% constituted 
New Drug Submissions (NDS: @) while 84% were for ‘follow-on’ drugs (SNDS, ANDS, 
and SANDS: @). (b) Types of follow-on approvals. Of follow-on approvals, 6.1% were for 
supplementary ‘first-in-class’ (SNDS FIC: ©) drugs while 59% were for ‘me-too’ drugs (@). 
(c) Brand name v. generic approvals. Of all drugs approved during the test period, 65.5% 
of approvals were granted to brand-name drug companies (NDS and SNDS: ) and 34.5% 
to generic companies (ANDS and SANDS: ®). (d) Most innovative drugs. While 6.5% of 
approvals during the test period were directed to New Active Substances (®; NAS) and 
5.3% of all NDS and SNDS submissions were approved under an expedited review process 
(@; Priority Review and NOC/c), only 1.23% of all drugs approved over the period 2001-2008 
were also directed to FIC therapies and contained an NAS (©). Areas are approximations of 
calculated means for the entire test period. Note that area scales are linear for panels (a)—(c) 
and log for panel (d). 


approval. Drug candidates must be directed to the treatment of a serious, 
life-threatening, or severely debilitating disease with an unmet medical need 
or for which a substantial improvement in the benefit-risk profile is 
demonstrated.'! By contrast, the NOC/c pathway allows a drug to gain 
market access prior to completion of traditional Phase 3 clinical trials, 
provided that it is directed to a serious, life-threatening, or severely 
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Table 4.4 Classification scheme for first-in-class and me-too drugs 


Route First in class Me too 
A. NDS New chemical form 
or Change in benefit : risk 
New use/indication 
B. SNDS New chemical form Change in chemical form 
and and 
New use/indication Change in benefit : risk 


debilitating disease for which no drug is marketed or where the candidate 
presents a better overall benefit-risk profile than existing therapies. Unlike 
the Priority Review stream, continuing approval via the NOC/c stream is 
contingent upon whether pharmaceutical sponsors meet the conditions 
assigned to the NOC/c. For this reason, NOC/c approval is a reasonable 
proxy for emerging lifecycle models of drug regulation.” 

Data in Figure 4.1(c) suggest that Canadian regulators may be shifting 
away from Priority Review as the dominant mechanism for expedited 
review towards the NOC/c pathway. Priority Review approvals (O) 
decreased from 14 in 2001 to a low of 6 in 2008, declining 57% over the 
eight-year test period. By comparison, the number of NOC/c approvals (@) 
escalated strongly over time, from a minimum of 2 in 2001 to a maximum 
of 13 in 2006 (stabilizing at 10 in 2007-2008). Compared to the 57% 
decline in the number of Priority Review approvals, peak NOC/c approvals 
increased by 650%. The totals for both streams over the test period were 
not dissimilar: 61 and 51 for Priority Review and NOC/c, respectively. 
However, as illustrated by the data and fits in Figure 4.1(c), the trends for 
the two pathways crossed over in 2005. 

Of interest, the legal basis for Priority Review and NOC/c approval is 
not expressly provided for under the current Food and Drugs Act! or 
regulations.'4 Rather, both are grounded in administrative instruments 
known as ‘guidance documents’ that do not have the force of law.!> Data 
described in Figure 4.1(c) therefore demonstrate that Canadian regulators 
are already anticipating the lifecycle regulatory framework proposed in Bill 
C-51,'¢ along with its recalibrated balance of pre-market and post-market 
access, safety and efficacy. Together, the data in Figures 4.1-4.3 suggest that 
Canadian regulators are focusing on faster approval with enhanced post- 
market surveillance at the same time as approval is geared more towards 
follow-on rather than towards breakthrough drug development. 
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4.3.2 Drug patenting 


Figure 4.4 shows data relating to drug patenting and patent listing of drugs 
approved for sale in Canada during the period 2001-2008. The data are for 
16 of the most profitable drugs sold in Canada for which an NOC was 
granted during the test period (approval subset). The list parallels the top 
16 drugs sold in the United States during the same period.!” 

As illustrated in Figure 4.4(a), total patents granted on the approval subset 
had a bell-shaped distribution (Gaussian; R? = 0.91), peaking in 2001 (W). 
There were 772 patents on 16 products, corresponding to an average patent 
per product ratio of 48:1. The calculated inflection point, representative of 
the take-off point from the baseline, for total patents issued yearly occurred 
about 1991 (1991.35). This was just before the linkage regulations came into 
force in 1993. That the inflection point preceded the NOC Regulations is not 
surprising in light of the significant negotiations leading up to TRIPS and the 
coming into force of the linkage regulations regime. Cumulative patents for 
the subset rose over time in a manner that was well fit by a sigmoidal function 
(©; R? = 0.99), peaking at about 2004. The calculated inflection point 
(1994.70) was slightly later than that calculated for total patents (1991), 
occurring just after the linkage regulations came into force. Figure 4.4(b) 
(top) gives the same data re-plotted as a function of the year after the first 
patent was issued. Patents on approved drugs were granted over a relatively 
long term of 25 years (©), peaking at 77 patents per year on the twelfth year 
after the first patent was granted. As illustrated in Figure 4.4(b) (@), this 
amounted to an average of 3.34 patents per product per year. 


4.3.3 Patent listing and litigation 


Over the last decade, there have been increasing claims to the effect that the 
linkage regulation regime is used more as a sword than a shield by brand-name 
pharmaceutical firms.'® Figure 4.4(a) illustrates the manner in which 
patents for the approval subset were listed on the patent register over the 
test period. The time course for cumulative listed patents (@) was well 
described by a sigmoid function (R? = 0.99), with a relatively steep slope, 
an inflection point near 2001 (2001.10), and an apparent peak in 2008. 
Importantly, the curves for cumulative patents (O) and the fraction of 
patents that were listed on the patent register (@) converged strongly over 
time. This result supports the conclusion that brand-name firms are listing 
patents they obtain on the patent register in a timely fashion in order to 
delay generic entry.!? 
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Figure 4.4 Patenting and patent listing patterns associated with drug approval. 


(a) Total patents issued by year associated with a subset of 16 top selling drugs (W); 
cumulative number of patents associated with the sub-set (LJ); and cumulative number of 
patents listed on the patent register under linkage regulations associated with the sub-set 
(@). Note the strong convergence of total and listed patents over the course of the test 
period. (b) Total (©) and average (#) number of patents on approved drugs within the subset 
plotted as a function of the time after the priority date on which the first patent on the subset 
was issued. (c) Method used to calculate the temporal gap between the date of mean drug 
approval on the patent subset (2005) and the inflection point (IP), 50th and 100th percentile 
of normalized maximum drug patenting and approvals. Data are from the cumulative number 
of patents (@) above. (d) Graph expressing the temporal relationship between drug approval 
and the IP, 50th and 100th percentile of maximal normalized patents granted per year (PY), 
cumulative patents per year (CPY) and cumulative patents listed on the patent register per 
year (CPRY). Time points are calculated as the difference between the date of drug approval 
(NOC) and the date of the IP, 50th and 100th percentile (NOC-x). The data suggest drug 
patent listing may be a better proxy for drug approval than drug patenting per se. 


Of 772 patents granted on the approval subset, 77 were listed on the patent 
register between 1998 and 2008. On average there were 4.81 listed patents 
per product. As indicated by the difference between the average number of 
patents per year (3.34) and the average number of listed patents per product 
(4.81), domestic linkage regulations allow patents to be listed on more than 
one product. Unlike drug patenting, which occurs only in an anterograde 
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direction (i.e. patents must be new, non-obvious, and have utility over the 
prior art), patents may be listed on the patent register in either an anterograde 
or retrograde direction. For example, originating patents relating to proton 
pump blockers may be listed not just for the first-generation product Losec® 
(racemic mixture of R and S omeprazole Mg?*) but also the second-generation 
product Nexium® (S enantiomer, esomeprazole Mg?*), and vice versa. 

We next investigated the temporal relationship between NOC grant, patent 
issue and patent listing. From each of the curves in Figure 4.4(a), we calculated 
three values: (1) the inflection point at which the data deviated most strongly 
from baseline values (closed bars) and the point at which each curve reached 
the (2) 50th (hatched bars) and (3) 100th percentile (open bars) of normalized 
maximum values. The inflection point was calculated as the zero point of the 
second derivative of fits to the data. Each of the three values was then plotted 
as a function of the average date on which the subset received marketing 
approval (2005). This was done to obtain a measure of the delay between 
drug approval and drug patenting and listing. The procedure is demonstrated 
for cumulative patent listing data in Figure 4.4(c) (@). 

As illustrated by the bar graphs in Figure 4.4(d), there was a significant lag 
between the date on which NOCs were granted and the dates on which 
patents on the same drug product were granted. This pattern was observed 
independently of whether patents were expressed by year of grant (patent per 
year (PY)) or cumulatively (cumulative patents per year (CPY)). This is not 
surprising in light of the regulatory lag between drug patenting and drug 
approval. The data were different, however, for patent listing (cumulative 
patents registered per year (CPRY)). As shown in Figure 4.4(d), average data 
for both the inflection point and 50th percentile exceeded the null point by 
only 4 and 2 years, respectively. This can be compared with 10 and 8 years 
for corresponding data for cumulative patents (CPY). The lag between drug 
approval and patent listing was even greater for patenting data expressed as 
a function of year of grant (PY). Of interest, the calculated values for the 50th 
percentile and peak patent listing for CPRY were 1-2 years on either side of 
the null point. This result indicates there was virtually no significant lag 
between drug approval and patent listing as the test period progressed. While 
the data obtained do not provide conclusive evidence for a causal relationship 
between drug regulation and drug development, they suggest that patent 
listing is a substantially better proxy for drug approval than drug patenting. 

Given the results in Figure 4.4, we further probed the nexus between drug 
approval, drug patenting, and patent listing, particularly as it relates to 
potential extension of the term of patent protection afforded to drugs that are 
already approved in Canada. Figure 4.5 shows a comparison of potential and 
actual periods of extended patent protection for the average drug product in 
the approval subset due to the operation of linkage regulations. Here 
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‘potential’ is used to refer to the hypothetical extension of patent protection 
under patent legislation and linkage regulations if all patents granted were in 
fact listed on the patent register. In comparison, the ‘actual’ term of extended 
patent protection refers to the extension of the duration of patent protection 
beyond that afforded by the originating patent alone as a result of those 
patents actually registered on the patent list. The sigmoid curves represent the 
start and end dates for the potential term of patent protection as a function 
of patents associated with approved drugs. The term starts with the priority 
date of the ‘originating patent,’ e.g. the first patent on the drug, typically that 
on the NAS/NCE (@), and ends 20 years from the filing date of the originating 
patent plus the cumulative terms of all ‘subsequent patents’ (@) associated 
with the marketed drug. This is illustrated by the corresponding horizontal 
lines and shading in Figure 4.5. Patents actually listed on the register are 
represented by appropriate symbols (ê) and horizontal patent term lines. 

The average period of patent protection associated with originating patents 
was about 20 years, from 1983 to 2003. This represents an average of patent 
terms before (17 years from date of grant) and after (20 years from filing 
date) amendments made to the Patent Act pursuant to TRIPS. In comparison, 
the duration of potential extended patent protection associated with 
subsequent patents was about twofold longer, lasting from about 1987 to 
2026. This yields a term of extended patent protection due to the operation 
of linkage regulations of about 43 years per drug on average. However, this 
calculation does not reflect the actual period of extended patent protection, 
which would only be a function of cumulative terms for patents actually 
listed on the register. Of the average of 48 patents per product on the approval 
subset, 10% (4.81 patents per product) were listed on the register. 

Termination of listed patents was spaced fairly evenly along the sigmoidal 
curve between 2010 and 2025 rather than being clumped together at the front 
end of the data set. The even distribution of listing resulted in the extension of 
the term of patent protection from the end of the NAS patent in 2003 to 
termination of the latest listed patent in 2025. The extension of the average 
patent term owing to linkage regulations amounts to an increase of 22 years, 
representing a doubling of the duration of patent protection beyond that 
associated with the originating patent. As illustrated by the appropriate symbols 
(©) and shading in the figure, there was little difference between potential and 
actual terms of patent extension for the approval subset. This was due to the 
strategic timing of patent listing by brand-name drug firms, e.g. firms stagger 
the registration of their strongest patents to obtain the longest period of 
protection. Of note, comparison of data in Figures 4.3 and 4.5 demonstrate that 
while the average drug approved in Canada over the test period has an arguably 
low innovative value, the average period of patent protection afforded to 
products in the approval subset is in fact quite substantial. 
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Figure 4.5 Extension of patent monopoly for marketed drugs via operation of linkage 
regulations. 


Period of extended patent protection for averaged drugs in the subset (n = 16). Left and right 
sigmoid curves represent cumulative patent protection start and end dates. The term of patent 
protection was deemed to begin on the priority date. Terms are shown for the ‘originating 
patent’ on the New Active Substance/New Chemical Entity (@; n = 1) and all ‘subsequent 
patents’ (@; n = 21). The date on which patents were listed on the register is also shown 
(©; n= 5). The duration of theoretical and actual patent protection under linkage regulations 
associated with originating and subsequent patents are illustrated by representative horizontal 
lines and shading along the time axis. Note the period of patent protection associated with 
originating patents lasted about twenty years (™), from 1983 to 2003. In comparison, the 
duration of extended patent protection associated with all ‘subsequent patents’ was much 
longer (~twofold; W), lasting from about 1987 to 2028. Of the 48 patents granted per drug, 
an average of 5 were listed on the patent register. The term of protection associated with 
these patents ran from 1993 to 2025 (E). This yielded an actual extended period of patent 
protection of 22 years beyond that afforded by the originating patent. Note that due to 
strategic listing of patents on the patent register (©), there was little difference between 
theoretical and actual patent protection under linkage regulations. 


The importance of the timing of shifts in innovation profiles, expedited 
drug approval, drug patenting, and patent listing is underscored by the data 
in Figure 4.6. In this analysis, drug patenting and listing represent patent 
incentives for innovation whereas expedited drug approval is taken as a 
measure of lifecycle-based regulatory incentives for innovation. The data 
for ‘new’ and ‘follow-on’ innovations represent the fits to NDS data and 
SNDS, ANDS, and SANDS data from Figures 4.1(a) and 4.1(b). Data for 
lifecycle regulation were taken as the fit to NOC/c data from Figure 4.1(c). 
Drug patenting and patent listing curves are those from Figure 4.4(a). 
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A comparison of fitted curves in Figure 4.6 indicates that neither the 
steep time-dependent changes in patent grant and patent listing preceding 
(Figure 4.6(a)) nor the NOC/c approval in the midst of relatively linear 
trends for new and follow-on drugs (Figure 4.6(b)) appear to provide a 
measurable correlate for pioneering drug development, at least as reflected 
by the data and fits to new and follow-on drugs. Each of these three metrics 
had a relatively non-linear trend upwards either before or during the test 
period while by comparison the trend for new drug approvals was linear 
and in the downward direction (with a corresponding increase in follow-on 
approvals). That these trends (1) occurred before and during the 
comparatively linear changes in new and follow-on drug approval by 
regulators (Figures 4.1 and 4.6) and (2) were observed independent of the 
temporal association of drug approval, drug patenting, and patent listing 
(Figure 4.4(d)) suggests that the current basket of IPR rights targets does 
not provide a strong incentive for pioneering drug development. 

Finally, there has been sharp criticism of the practice of ‘evergreening’ 
drug products via linkage regulations in the United States and Canada.?° 
Evergreening refers to extending the market monopoly on a drug facing 
originating patent expiration through listing of further relevant patents on 
the patent register for minor modifications to the marketed drug. An 
example of this phenomenon from our data set is presented in Figure 4.7. 
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Figure 4.6 Comparison of the timing of trends for drug innovation, lifecycle 
regulation, patent grant, and patent listing. 


(a) Overlay of time courses of fits to normalized cumulative patents per year (CPY; long 
dash), cumulative listed patents per year (CPRY; short dash), new drug approvals (new; 
downward linear) and follow-on drug approvals (follow-on; upward linear). Data for ‘new’ 
and ‘follow-on’ innovations were calculated from NDS and SNDS/ANDS/SANDS curves 
in Figures 4.1(a) and 4.1(b). Drug patenting and listing data are from Figure 4.4(a). (b) 
Overlay of new drug approvals and follow-on drug approvals from panel (a) and lifecycle- 
based NOC/c approvals (NOC/c; short dash). Data for expedited review were taken from 
Figure 4.1(c). Comparison of these curves suggests that steep time-dependent changes in 
patent grant, patent listing, or NOC/c approval as a proxy for lifecycle regulation appear to be 
unrelated to the accompanying linear trends for new and follow-on drug approval data. 
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Figure 4.7 Example of extension of patent monopoly for omeprazole. 


(a) Relative to the forms of drugs marketed between 2001 and 2008, 82 patents were 
granted in relation to Losec® and Nexium®. As observed for averaged data on the subset of 
16 drugs, the timing of grant and duration of cumulative patents followed a sigmoidal course, 
with patent protection beginning in 1978 and extending to about 2025. The first regulatory 
approval for omeprazole was in 1989. Data for the first New Chemical Entity (@) and all 
subsequent patents (@) are provided. (b) Of the 82 patents granted on the two drugs, 22 
were listed on the patent register and litigated under linkage regulations. Priority dates and 
patent terms are represented by appropriate symbols (@) and lines. Initiation, duration and 
termination of litigation on individual patents are represented by orange lines. Completely 
solid orange lines represent completed litigation. Right-facing arrows (~>) represent litigation 
which is still ongoing, e.g. where it has not yet been determined that the listed patent was 
valid and infringed (brand-name victory) or invalid and not infringed (generic victory). For 
details of individual trials, see text. 
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Omeprazole, marketed in Canada as Losec® (Prilosec® in the United States) 
and the second-generation product Nexium® are widely considered to be two 
of the most profitable drugs developed over the last several decades on a global 
basis. Not surprisingly, they have also been the subject of prolonged and highly 
contentious litigation in both the United States and Canada. The chemistry and 
mechanism of action of both drugs is highly similar. Indeed, as illustrated in 
Table 4.5, their chemical names and formulae are almost identical. The 
difference between the compounds, as alleged in litigation in both jurisdictions,*! 
is that the magnesium salt form of omeprazole (Losec®) undergoes a chemical 
shift following ingestion that converts a portion of the racemic mixture that is 
potentially inactive to the fully active chemical form (Nexium®).”? This chiral 
shift has been claimed to double the effective drug concentration.” 

Setting aside the scientific veracity of this claim for the moment, the 
question arises of how pharmaceutical firms are able to strategically employ 
minor but potentially significant changes to already patented and marketed 
compounds in order to maintain market share through either ‘blocking 
patents’ (inactive patents that nevertheless serve as a barrier to market 
entry) or via patents that are listed on the patent register specifically in 
order to deter or initiate litigation. 

We identified 82 patents associated with the two drugs that were granted 
over a period of twenty years. Together, the patents had a cumulative term 
of patent protection of close to fifty years. As shown in Figure 4.7(a), the 
time course and duration of patent protection were sigmoidal, similar to 
the averaged data in Figure 4.5(a). Data are given for the first NCE patent 
(@) and all subsequent patents (@) identified using the methodology 
described above. The priority dates for the first and final patent were 1978 
and 2005, respectively. Therefore the period of hypothetical patent 
protection on the omeprazole group ran from 1975 to about 2025. 
In comparison, the first NOC for omeprazole (Losec®) was granted on June 
13, 1989, yielding a regulatory gap of close to ten years. 


Table 4.5 Comparison of omeprazole (Losec®) and esomeprazole (Nexium®) 


Brand name | Formula Chemical name 


Losec® C,7H,,N,0,S 6-methoxy-2-((4-methoxy-3,5- 
dimethylpyridin-2-yl) methylsulfinyl)-1H- 
benzo[djimidazole 

Nexium® C,7H,N,0,8 (S)-5-methoxy-2-[(4-methoxy-3,5- 
dimethylpyridin-2-yl) methylsulfinyl]-H- 
benzoimidazole 
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Of 82 patents that were deemed relevant to omeprazole, 22, or 27% of all 
relevant patents, were listed on the patent register. This value is substantially 
greater than the 10% listed patents observed with the cohort of 16 drugs in 
Figure 4.5 and the 5% of listed patents on the much larger cohort of 95 high- 
value drugs in Chapter 5. In other words, fractional listing increased from 
5% on a large cohort of most profitable drugs, then to 10% as the cohort 
was narrowed to the top 16 drugs, and, finally, to 25% of all patents 
identified on two of the top selling blockbuster drugs. Relevant to the analysis 
of whether the linkage regulations are working as intended in Chapter 6, the 
data indicate a positive and strong correlation between the percentage of 
patents granted that are listed on the patent register and profitability. If not 
listed on the register at some future point in time, the remaining patents were 
deemed to function as so-called blocking patents. As noted above, patents 
could be listed on more than one drug product provided they are legally 
relevant to the marketed product. This is reflected in the fact that the 22 
patents were the subject of 75 individual legal determinations. 

All 22 listed patents have or continue to be disputed at trial in some form 
or another. This is shown in Figure 4.7(b), which illustrates listed and 
litigated patents (@) and the timing and duration of ongoing (>) and final 
(—) litigation. Litigation over 15 of the 22 patents lasted in excess of two 
years, with 14 final trial decisions to date (for some patents, multiple times, 
as indicated below). Final decisions were at the Federal Court of Canada, 
Federal Court of Appeal, or Supreme Court of Canada. As might be 
expected with so many patents being litigated multiple times, decisions on 
the merits were not harmonious from one decision to the next.?4 Indeed, 
there were numerous instances (n = 11) where a court at one level decided 
that patents were invalid or not infringed with one set of litigants while a 
different court at the same level decided that the same patents were valid 
and infringed with differing litigants. In addition to litigation under the 
NOC Regulations, there were also three related patent infringement actions 
involving listed patents, one of which is ongoing (data not shown). 

Figure 4.7 does not include data relating to individual trials. While this 
would have provided a better sense of just how extensive the litigation was 
over these two drugs, it would have complicated the figure unnecessarily. 
For example, over the period 1993-2009, there were 61 separate trials on 
22 listed patents, including 310 motions (mean = 5.08 per trial) and 25 
final trial decisions. Of final decisions, 14 went on to appeal at the Federal 
Court of Appeal and 8 went on to the Supreme Court of Canada. Litigation 
occurred over a term of 16 years, essentially from the time the linkage 
regulations came into force in 1993 until the present. Four trials on 12 
patents are currently ongoing. 
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Given that the NDS patent expired in 1999, extended patent protection 
on omeprazole has been ongoing for at least ten years. But this does not 
necessarily equate to a decade of guaranteed legal protection under the 
linkage regulations, owing to the requirement that generics must first 
obtain approval for market entry themselves and demonstrate in litigation 
all relevant patents are invalid or not infringed by their product.?> Of 25 
final decisions levied by the courts, there were 13 cases where patents 
listed on the register were judged to be invalid or not infringed. The 
average date of the first automatic injunction for all litigants was February 
2001. This represented the date on which drug approvals granted, or to 
be granted, to generic firms were ‘put on hold.’ The average date on 
which the group of 13 trials ended, and thus the date of ‘reactivation’ of 
average generic approval, was December 2003. Therefore litigation over 
patents relating to Losec® and Nexium® resulted in a delay of market 
entry of close to three (2.83) years for the group. According to IMS 
Health,’¢ sales of the two drugs in drugstores and hospitals over the same 
time frame were CN $1.4 billion. In comparison, total spending on 
prescription pharmaceuticals rose from CN $11.7 billion in 2001 to CN 
$17.97 billion in 2004,7 representing an increase of 92%. This includes 
an increase in out-of-pocket consumer spending from CN $2.56 billion to 
CN $3.36 billion. It is reasonable, however, to speculate that ‘but for’ the 
existence of the linkage regime that generic entry may have occurred 
closer to expiry of the NCE patent, with an accordingly shorter period of 
delayed entry. Either way, the linkage regulations regime has proved to be 
a highly effective mechanism for extending market monopolies on 
profitable pharmaceuticals. 


4.3.4 Limitations 


Conclusions from our pilot study may be tempered by two limiting factors. 
The first is that the time frame for the drug approval study is smaller 
(2001-2008) than that for the patenting (1978-2008) and patent listing 
(1993-2008) studies. This owes to the fact our initial work on drug 
approval was done prior to undertaking the patent study. The year 2001 
was chosen as our starting point in the drug approval study because 
substantial amendments to Canadian drug regulation were made at this 
time that affected both the mechanisms and speed of approval.” It will 
therefore be important for future work to include approval data from 
before the domestic linkage regulations came into force in 1993. 
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The second, and related, limitation is that the approval data set was for 
608 drugs while our pilot study on drug patenting and linkage regulations 
was for only 16 drugs. For reasons given in the Methods section, this made 
good sense for the pilot study. We attempted to extrapolate the approval 
data back in time. However, given the yearly scatter in the data set and 
resulting confidence levels, this was not feasible. We obtain some assurance 
from the consistent nature of the daily and monthly scatter of approval 
data described in Figure 4.2. More importantly, as described in Chapter 5 
we have now increased our data set to 95 of 608 approved drugs between 
2001 and 2008 in a follow-up study. The results (data not shown) indicate 
that all major patterns for drug patenting and patent listing shown in 
Figures 4.4-4.7 are repeated not just for the entire ‘most profitable’ data 
set, but for three different sub-groups (most profitable, n = 33; NOC/c, n = 
22; Priority Review, n = 46). In particular, there was no substantial 
difference in the patenting data in Figures 4.4(a)—4.4(d) (n = 16) and the 
twofold larger data set of most profitable drugs in the expanded study (n = 
33). Even so, future research must complete the patenting data for not only 
the 608 drugs approved during the period 2001-2008, but also for the 
broader drug approval data as it grows to encompass and backdate the 
coming into force of the linkage regulations in 1993 and beyond. 


4.4 Discussion 
4.4.1 Trends in global drug development 


Data in Figure 4.1 demonstrate that the number of ‘new’ drug approvals is 
decreasing significantly over time while the number of follow-on approvals 
is increasing. Cumulative data in Figure 4.3 show that the number of truly 
innovative drug products is vanishingly small (1.23% of total and 1.87% 
of brand-name approvals) over the eight-year test period. In general, our 
qualitative findings relating to pharmaceutical innovation parallel those 
observed in other jurisdictions.’ That is, the multinational pharmaceutical 
industry is leaning away from breakthrough drug development towards less 
innovative products referred to variously as follow-on, incremental, 
supplemental, line extension, me-too and bioequivalent drugs. 

While our data do not speak directly to claims that diminished innovation 
is due to the loss of ‘low-hanging fruit’? or to the spiraling costs of drug 
development,*! the data reported on the nexus between drug approval and 
patenting provide a third plausible explanation for the diminution of 
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breakthrough product development. The results shown in Figures 4.1-4.7 
suggest that innovation policy and drug regulation contingent on IPR rights 
can profoundly shape the rate and direction of innovative activity by 
multinational pharmaceutical firms antecedently, towards incentives 
provided for by law and away from truly breakthrough products under 
conditions where the two do not necessarily coincide. 

Depending on the source and degree of industry affiliation, published 
definitions of what constitutes an innovative drug range considerably, from 
as low a threshold as simply containing an NAS,* to the slightly more 
stringent requirements of either being directed to first-in-class therapies*? 
(irrespective of whether approval is directed to a new or follow-on drug) or 
to follow-on drugs that nevertheless undergo Priority Review.*+ However, 
merely containing an NAS is an insufficient basis for designating a drug as 
pioneering or strongly innovative because there is ample room in the 
definition for minor changes to previously approved medical ingredients, 
including salts, esters, solvates, polymorphs and enantiomers. A similar 
conclusion applies to drugs that are only directed to first-in-class therapies, 
as these can also be follow-on versions of previously marketed products 
containing slightly modified medical ingredients or directed to new uses 
within a therapeutic class. Moreover, where Priority Review need only be 
directed to drugs demonstrating moderate clinical improvement over 
existing therapies, it is also an insufficient proxy for strong innovation. A 
more reasonable definition is that truly pioneering drugs are those that are 
approved via the new drug approval pathway (NDS), contain an NAS or 
NCE, undergo some form of Priority Review, and are directed to a first-in- 
class therapy.’ Only in combination do these requirements approach a 
reasonable definition for a truly breakthrough technology. 

Regulatory agencies in North America have previously attempted to derive 
innovation indices for pharmaceuticals. For example, in 2000, the Canadian 
Patented Medicines Prices Review Board (PMPRB)*¢ released data to the 
effect that of drugs approved between 1996 and 2000, 44.8% were line 
extensions and 49.6% were new versions of marketed drugs with moderate, 
little, or no improvement. Only 5.5% of all drugs approved represented a 
substantial therapeutic advance. These results parallel data from a large-scale 
study of innovation in the French prescription drug market demonstrating 
that of drugs approved over the term 1981-2001, the most innovative drugs 
represented only 3% of total approvals, while drugs with some important 
therapeutic gain and those with little to no therapeutic gain represented 8% 
and 89% of total approvals, respectively.°” 

For the United States, Kaitin et al. reported data from an analysis of 
drugs approved by the FDA between 1978 and 1989 that were rated by the 
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agency as having an important therapeutic gain, a modest gain, and little to 
no gain.?8 Only NCEs which excluded salts, esters, and other dosage forms 
of previously approved drugs were studied. The authors found that only 
14.7% of approvals had the strongest innovation rating, whereas 34.5% 
and 49.5% were deemed modestly or weakly innovative. A more recent 
study by the NIHCM*? demonstrated that of all drugs approved by the 
FDA during 1989-2000, 15%, 28%, and 57% were deemed to be the ‘most 
innovative’ (NCE plus Priority Review), ‘moderately innovative’ (follow-on 
plus Priority Review) and ‘modestly innovative’ (follow-on), respectively. 
As in Figures 4.1(a)—4.1(b), in the NIHCM and French studies, approvals 
for standard follow-on drugs increased steeply over the test periods, while 
data for the most innovative drugs remained flat over time. The fact that 
the values of 14.7% and 15% from the Kaitin and NIHCM studies 
represent NCEs with important therapeutic gain or drugs approved via the 
NDS stream, rather than drugs also undergoing Priority Review and 
directed to first-in-class therapies, suggests that the number of truly 
breakthrough drugs in these studies was more in line with data in Figures 
4.1-4.3. With the exception of the French study, each of these indices were 
reported shortly after policy initiatives impacting drug development came 
into force, such as linkage regulations in the United States and Canada, the 
consolidation of US patent appeals courts, and legislation facilitating 
technology transfer and commercialization via strong IPR rights.*° 


4.4.2 Role of drug patenting and linkage regulations 


Despite potential weaknesses in the empirical underpinnings of the 
innovation indices noted above, it is of interest that there has never 
developed a parallel empirical literature relating to the social benefits of 
public health and/or innovation policy that is strongly contingent on IPR 
rights.*1 The social benefits of innovation are raised under the linkage 
regulations regime through the terms of the traditional patent bargain. This 
refers to the grant of a limited monopoly in exchange for public disclosure 
of socially valuable knowledge.#? In a public health context where drug 
approval and drug patenting are linked, the essence of the patent bargain 
may be viewed as the exchange of extended patent protection for a socially 
beneficial level of pharmaceutical innovation. Thus the public expects, and 
should expect, something of substantial social value in exchange for 
extended patent protection and monopoly pricing. In other words, there 
should be a strong legal and functional nexus between public health policy 
and patent policy supported by empirical or other data. 
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Undue extension of patent protection for poorly innovative drugs via 
linkage regulations is similar in manner to so-called ‘weak’ patents. Weak 
patents are those that provide poor levels of innovation over relevant prior 
art.® Leading courts have consistently held that patents of this nature stifle 
innovation,** chill competition,“ encroach on the legal mandate of 
promoting the progress of science and useful arts,*° and encourage 
inefficient transfers of wealth.*”7 Relevant to the pharmaceutical market, 
weak patents hijack the IPR rights landscape*® and allow patentees to 
extract unwarranted monopoly rents when they would otherwise receive 
nothing for non-inventive disclosures.4? Policies underpinning patent 
protection must be sufficiently worthwhile to the public to warrant the 
restrictive effect of the patent monopoly,” and weak pharmaceutical 
patents in particular have been held to offend the public interest.*! 

The applicability of jurisprudence relating to weak patents may be 
particularly relevant to linkage regulations owing to two considerations that 
do not apply to other industries. The first is the weak relevance standard for 
listing, which as discussed above provides a very broad target for patentees 
when aiming for the automatic injunction under both US and Canadian 
linkage regulations.” This injunction, an earlier form of which has been 
referred to as ‘Draconian, ® prevents generic firms from market entry until 
all patents on the register are proved in litigation to be invalid or not 
infringed.°+ The second is the empirical observation in both jurisdictions that 
litigation on the merits of contested patents under linkage regulations results 
in decisions where up to 50-75% of listed patents are deemed by the courts 
to be either invalid or not infringed by generic products.*° It is reasonable to 
speculate that the administrative costs of prolonged litigation under linkage 
regulations are passed on to consumers in the form of extended monopoly 
pricing and other rent-seeking behaviors.*° 

A linkage regulation regime that provides patent protection on poorly 
innovative drugs that extends well beyond the term of originating patents 
not only has the potential to debilitate the patent system in the short term,*’ 
but also to weaken pharmaceutical innovation in the long run. Innovation 
is weakened due to the fact that the combination of a weak relevance 
requirement and automatic injunctions takes patent protection to a point 
near its logical extreme. The data reported here suggest that if linkage 
regimes provide fertile grounds for firms to compete at a lower level of 
innovation, they also discourage firms from innovating at a level of 
competition that would provide the greatest benefit to society. 

This dilemma can be illustrated by a comparison of data in Figures 4.3 
and 4.5. On the one hand, Figure 4.3 demonstrates that a very small 
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fraction of drugs approved by regulators over the eight-year test period 
could be considered truly breakthrough in nature. This includes drugs 
approved via the NDS stream (16%), those containing an NAS (6.1%), 
total NDS and SNDS drugs directed to first-in-class therapies (6.5%), those 
that underwent one of two pathways for expedited review (5.3%), and 
those that met the most stringent requirements for breakthrough products 
(1.23%). On the other hand, Figure 4.5 illustrates that patent protection 
under linkage regulations does not discriminate between poorly or strongly 
innovative drugs. It offers broad and long-lasting IPR rights to pharmaceutical 
firms regardless of the types of products being introduced into the 
marketplace. This is particularly relevant for follow-on drug products, 
which are recognized to entail lower risks and costs to pharmaceutical 
firms.>8 As suggested by data in Figures 4.1(c) and 4.6(b) and elsewhere,»? 
the evolution toward a lifecycle-based regulatory approach to drug 
approval will likely do little to affect the rate and direction of innovative 
activity by firms absent shifts in legal incentives for breakthrough and 
follow-on drug development. 

The data in Figures 4.4-4.7 further supports discordance between the 
basket of IPR rights incentives for innovation and resulting product 
development. For example, the close temporal relationship between drug 
approval and patent listing in Figure 4.4(d) and the strong convergence in 
Figure 4.4(a) of patent grant and patent listing following linkage 
regulations coming into force provide evidence for the conclusion that 
patent listing evolved into a more effective target, and thus a better proxy, 
for drug approval than drug patenting per se once the linkage regime 
came into effect. Other evidence for this conclusion comes from data in 
Figure 4.6, which demonstrate that steep time-dependent changes in drug 
patenting, patent listing, and the evolution toward lifecycle regulation 
appeared to have occurred independently of concomitant trends for new 
and follow-on drug approvals. The outcome of this dynamic, supported 
by averaged data for 16 drugs (Figure 4.5) and the single example of 
omeprazole (Figure 4.7), is that when given the opportunity pharmaceutical 
firms will leverage government policy and regulation in order to maintain 
market share for drugs coming off patent rather than developing new 
blockbuster drugs. The results are not dissimilar to studies of complex 
political systems, where ‘yardsticks’ designed to measure progress reorient 
behavior narrowly towards the fulfillment of yardstick metrics.°° The 
implication of this scenario is that firms are aiming ex ante at legal targets 
which provide the most return on investment rather than the most benefit 
to the public. 
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4.4.3 Convergence of economic and public health policy 


The data reported here challenge two key assumptions that have underpinned 
public health policy and economic/industrial policy in industrialized nations 
for at least the past half century. The first is that strong IPR rights protection 
is essential to motivate and increase the amount of innovation that occurs 
in the economy. The second is that public health goals can best be met by 
encouraging innovation in private industry, essentially by merging public 
health goals with industrial development goals, buttressed by the IPR rights 
regime. Importantly, our findings do not indicate abnormal behavior by 
pharmaceutical companies, but rather the failure of government policy and 
regulations to produce a specifically desired effect, namely the increased 
production of truly innovative drugs. It is entirely understandable that 
pharmaceutical firms avail themselves of regulatory incentives allowing 
product evergreening after the original patent has expired where it 
maximizes the benefit and minimizes the risk to shareholders.*! 

Our findings suggest that the blending of industrial and health policy 
goals may be ineffective and possibly counterproductive in terms of public 
health outcomes. They also suggest that although new lifecycle regulatory 
regimes have great potential to increase the efficiency of public health 
provision by placing new remedies in clinical environments sooner, the 
efficacy of this approach can be weakened through inadequate monitoring 
and supervision, such that pharmaceutical firms perceive a higher incentive 
to exploit existing patented technologies in new ways rather than increasing 
the flow of new technologies. At a more general level, the data lend 
empirical substance to an emerging consensus that, in many circumstances, 
IPR rights may be an inhibitor of innovation. 

Although our study was based on domestic Canadian data, we argue that 
the results are significant within the global context of drug regulatory 
reform and innovation policy. First, efforts have been underway for some 
time to harmonize the goals and mechanisms of drug regulation globally. 
Second, in most developed nations, university-based translational research, 
firm research and development activities, and national science and 
technology policy are closely integrated and likewise mirror one another. 
Third, qualitative trends in approval of new and follow-on drugs track one 
another fairly closely in most major jurisdictions, and the drug patents that 
we analyzed represent the most profitable drugs not only in Canada, but 
also in US and EU markets. Fourth, as discussed in Chapter 7, while the 
‘product cluster,’ or patent portfolio-based, model of drug development has 
been observed increasingly worldwide, it is likely that nations with 


132 Patently Innovative 


pharmaceutical linkage regimes present multinational pharmaceutical firms 
with the ‘path of least resistance’ to multi-generational product-patent 
clusters. Given that a small number of multinational pharmaceutical 
corporations are responsible for drug innovation globally and are doing 
so increasingly in partnership with drug regulators,® it is reasonable to 
speculate that drug development and regulation in OECD economies is 
steadily converging upon a risk management philosophy whereby critical 
benefit-risk calculations are made not only for drug approval, but also drug 
development. 

We conclude that policy and legislative incentives designed to stimulate 
innovation in the pharmaceutical industry have had the opposite effect, and 
that shifting to a lifecycle regulatory model is unlikely to alter this scenario 
absent effort to balance legal and regulatory incentives for breakthrough 
and follow-on drug development. 


4.4.4 Analytical model: pharmaceuticals and the ecology of innovation 


What is the role of private IPR rights, if any, in the decline of pharmaceutical 
innovation observed here and elsewhere? What are the social benefits of a 
regulatory system that appears to offer preferential incentives for follow-on 
drugs rather than truly breakthrough remedies? How does the convergence 
of public health and industrial/economic policies impact public health, and 
by what mechanisms? These are important questions as pharmaceutical 
linkage spreads globally and as nations head into their own latest round of 
reforms pertaining to drug regulation and the commercialization of publicly 
funded medical research. 

In this book, we describe qualitatively and quantitatively various 
elements of the legal landscape governing biomedical innovation in such a 
way as to indicate that it functions as a strongly networked innovation 
ecology. We refer to this ecology as a regulated Therapeutic Product 
Lifecycle, or rTPL.** A highly simplified rTPL diagram is provided in 
Figure 4.8, which represents the lifecycle of therapeutic product development 
and regulation as a system ecology where the ‘whole is greater than the sum 
of its parts.’ Here, innovation is not depicted as a linear ‘pipeline,’ or 
process, moving from basic medical research in universities to applied 
research in firms and then on to commercialized products.® Rather, the 
grouping of network nodes in the figure (arbitrarily but functionally 
connected) are interconnected and interdependent in an iterative manner 
over time. The functioning of the system cannot be understood from 
analysis of the properties of individual nodes.66 Important for the present 
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Figure 4.8 Systems model of a regulated Therapeutic Product Lifecycle (rTPL) 
innovation ecology. 

Innovation is represented as an iterative process over time involving several functional 
groupings, including national science and technology (S&T) policy, clinical research, 
university and firm commercialization, innovation by private firms, drug regulation by 
national governments, and intellectual property and regulatory (IPR) rights covering both 
drug submissions and marketed products. Large red nodes represent functional groupings 
and include sub-functions enumerated in the figure. Red lines are multi-directional between 
nodes and sub-functions and are independent of time (acknowledging that the process 
generally moves clockwise). 


study, strongly altering the function of one element in the system, in this 
case the basket of IPR rights intended to stimulate innovation, has the 
potential to alter the behavior of the entire system.” 

It occurs to us that feedback between the various nodes in this innovation 
ecology is indicative of phenomena associated with complex adaptive 
systems, in which positive and negative feedback governs system learning, 
growth, and self-regulation.®* In both biological and social systems, it has 
been demonstrated that strong positive feedback has the potential to move 
a system away from fitness or operational efficiency, even to the point of 
inducing the system to collapse. In a complex system, ‘order’ can help the 
functioning of the system, but hinder it in other ways. For example, it has 
been observed in a range of natural and biological systems that imposition 


134 Patently Innovative 


of too much order can yield a system that is inflexible.” Moreover, this 
inflexibility has the potential to move the system away from a state of 
fitness, in this case the production of breakthrough drugs. Once major 
patterns and institutions have been fully explored in a highly regulated 
system, the system may transition into what Kaufmann refers to as ‘detail 
mode’’! where its further evolution is limited to modest improvements on 
increasingly optimized designs. Indeed, some evidence suggests that the 
more complicated the system, the more autonomous agents in the system 
become, thus reducing the levels of control that it is possible to wield over 
them without stifling fitness or efficiency.” 

Based on the reasoning above, it would seem to be a reasonable 
conjecture that a complex adaptive innovation ecology, such as we have 
depicted as an rIPL, may then be one with a large degree of potential 
creativity and productivity balanced by an equal degree of uncertainty and 
instability and effected through positive and negative feedback loops, 
including those initiated by law. This discussion has potentially significant 
implications for the interpretation of existing pharmaceutical policy, 
regulation, and literature, including the data reported here. In our previous 
work on pharmaceutical innovation and litigation, we suggested that 
regulatory preferences that do not respect the complex nature of the system 
they seek to regulate (including over-regulation masquerading as under- 
regulation) have the potential to harm the innovative outputs of the system. 
This result can be affected by either allowing undue capture of resources or 
benefits into the hands of discrete actors or through loss of innovative 
capacity relative to practical considerations of use, including those 
incentivized through regulatory preferences. 

The model in Figure 4.8 envisions all steps in the innovation process as 
interdependent, particularly over the longer horizon.”4 At the ‘beginning’ of 
the process, national science and technology policies are negotiated and 
initiated to drive national innovation priorities.’ These policies set the 
balance between economic and public health goals and expenditures.’”* The 
next point is represented by publicly funded medical research,’”” which is 
now desired by policy-makers to be strongly ‘translational’ in nature and 
therefore underpinned by strong IPR rights.”8 The mid-point of the process 
is where clinical trial results become increasingly available, at which point 
firms identify attractive technologies and begin to layer more substantial 
IPR rights over them, particularly patent rights. These patent rights, and the 
various spin-out firms they can create (e.g. from technology transfer), then 
become metrics, which in turn are used to determine what constitutes 
effective and efficient national science and technology policies and 
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practices.”? Finally, we move towards the perceived terminus of the process, 
where products are at or near the regulatory approval point and firms have 
identified targets for either novel breakthrough products or incremental 
innovations with strong evergreening potential.8° At this point, and 
especially at later points in the rIPL,*! linkage regulations and regulatory 
rights become dominant forms of IPR rights protection.*? 

However, as noted earlier, the mid-point and end-point of the pharmaceutical 
innovation system are increasingly merging, as regulators move towards 
lifecycle regulatory models which allow for early or flexible departure of 
drugs prior to the completion of traditional Phase 3 trials, with greater 
post-market surveillance. Moreover, both pharmaceutical, and more recently 
biotechnology, firms operating under the linkage regime can now layer IPR 
rights on products at all stages of development, including those about to 
come off patent, those in regulatory review, and those in development. For 
example, data examined in Chapter 4 indicate that the linkage regime 
operating in conjunction with established patent law and the drug approval 
regime allows firms to produce a substantial number and array of patent 
classifications. These patents can, in turn, be used to list on the patent register 
in order to prohibit generic entry on older drugs and to support follow-on 
drug development submissions, thus further collapsing the drug development 
cycle. Together, the data presented in Chapters 3-5 support the need to 
extend and broaden the innovation analysis to include the entire landscape 
of interconnections between drug approval, patenting, and litigation, as well 
as the nexus between broader national science and technology policies and 
the effects thereof on the rate and direction of firm innovation.*? 

Schumpeter noted that innovations of different magnitudes tended to 
appear in cycles of varying lengths, geared largely to the rate at which 
advantages from innovations declined over time through increasing use and 
imitation.*4 For policies and regulations aimed at stimulating innovation, 
the risk is always that they may catch one of these cycles at the wrong 
moment, thus contributing more to the declining phase of an existing cycle 
than to the development phase of a new one. They may do this by damaging 
the incentives that drive new entrants or by preserving practices that have 
become inefficient. Clearly this applies to inefficient or ineffective 
regulatory policies that lead to increasingly poor performance as judged by 
the goals and objectives of policy-makers, in this case an increased supply 
of truly innovative remedies. 

Based on data here and elsewhere,** we propose that the current lifecycle 
of pharmaceutical development and regulation may be nearing a point of 
exhaustion such as Schumpeter would have recognized. Evidence for this 
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includes: a strongly increasing trend towards ever smaller incremental 
innovation in the last decade (Figure 4.1); an increase in the low level of 
innovation being supported by a combination of weak patents and linkage 
regulations (Figures 4.4-4.7); a decreasing number of truly breakthrough 
drugs as well as drugs containing NCEs and NASs (Figures 4.1 and 4.3); a 
substantial number of patents per drug (Figure 4.4); the fact that many 
patents under linkage regulations are either invalid or infringed when tested 
on the merits;®” and the growth in both the scope and depth of IPR rights 
associated with poorly innovative drug products over the last twenty years. 

As noted by many commentators, the basket of IPR rights afforded to 
pharmaceuticals has grown to encompass an astounding array of 
mechanisms, which may be interpreted as micro levels of order or details as 
per the discussion above. These include increased patent terms, decreased 
standards for obviousness, utility and subject matter requirements for 
patenting, allowance for listing of weak patents via linkage regulations, the 
automatic stay provision barring generic entry, loss of compulsory licensing 
provisions, and the ever growing basket of regulatory rights associated with 
drug submissions.** It is not just a coincidence that the basket of IPR rights 
attached to pharmaceutical products is growing in both scope and depth at 
a time when innovation is widely considered to be faltering. 

Even if the current rTPL is not near the point of exhaustion, data such 
as those reported here should provide useful information for jurisdictions 
contemplating some form of linkage regulations or other types of linkages 
between public health and economic policies. Moreover, in jurisdictions 
that maintain IPR rights are integral to innovation, the results may offer an 
opportunity to correct or fine-tune existing policies underpinning innovation, 
including adjusting economic incentives in accordance with the degree of 
objective evidence in relation to innovation®? and accompanying social 
benefits.”° 
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Abstract: This study was designed to empirically investigate two related 
phenomena within the context of the emerging linkage regulation model of 
intellectual property protection. The first was to probe the legal nexus 
between drug approval, drug patenting, and patent listing under the linkage 
regime for high-value pharmaceuticals as vetted by regulators and the market. 
While the patent regime has been claimed by both pharmaceutical firms and 
regulators to be integral for innovative drug development, the role of drug 
approval-drug patenting linkage in pharmaceutical innovation is far less clear. 
Evidence relating to drug approval-drug patenting linkage, especially for 
high-value pharmaceuticals, would therefore be valuable at a time when other 
jurisdictions might be contemplating similar provisions. The second was to 
address how certain characteristics of the existing drug approval framework, 
such as relatively low thresholds for drugs to accrue a new active substance 
designation (equivalent to new chemical entity), to be approved as a follow- 
on drug as opposed to a new drug, and to go through an expedited rather 
than conventional approval process, might be linked to patenting and patent 
listing patterns. Given the requirement under linkage law for intellectual 
property protection to be linked to a specific drug submission, we were 
particularly interested in exploring data relating to what we refer to as a 
‘paradoxical drug approval-drug patenting linkage, that is a legal linkage 
whereby the largest scope of intellectual property protection accrues to drugs 
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5.1 Introduction 


As noted in Chapter 4 patent and regulatory rights are increasingly assumed 
to be essential for all stages of the therapeutic product lifecycle. This 
includes publicly funded medical research, university technology transfer, 
private research and development activities, the regulatory submission 
cycle, and the post-market stage. Indeed, patent rights are seen to be so 
important to the drug development exercise that drug patenting and drug 
approval are now legally linked through a novel form of legal ordering 
referred to as ‘linkage regulations,’ the subject of this study. Linkage 
regulations allow firms to list patents deemed relevant to an already 
marketed product in order to extend market exclusivity. Generic firms must 
successfully litigate each patent on the patent register prior to gaining 
market entry. Patenting and litigation under linkage regulations are critical 
to brand-name and generic markets, as they represent a primary mechanism 
by which regulators promote drug development in exchange for intellectual 
property rights. As we have seen throughout this book, the linkage regime 
in Canada has reached a stage of some maturity since coming into force in 
1993. This provides an excellent opportunity to empirically investigate how 
patents and linkage regulations are intertwined and are employed by 
multinational pharmaceutical firms in order to protect high-value 
innovations. 

The study in this chapter was designed to empirically investigate two 
related phenomena within the context of the emerging linkage regulation 
model of intellectual property protection. The first was to probe the 
legal nexus between drug approval, drug patenting, and patent listing 
under the linkage regime for high-value pharmaceuticals as vetted by 
regulators and the market. While the patent regime has been claimed by 
both pharmaceutical firms and regulators to be integral for innovative 
drug development, the role of drug approval-drug patenting linkage in 
pharmaceutical innovation is far less clear. Evidence relating to drug 
approval-drug patenting linkage, especially for high-value 
pharmaceuticals, would therefore be valuable at a time when other 
jurisdictions might be contemplating similar provisions. The second was 
to address how certain characteristics of the existing drug approval 
framework, such as relatively low thresholds for drugs to accrue a new 
active substance designation (equivalent to new chemical entity), to be 
approved as a follow-on drug as opposed to a new drug, and to go 
through an expedited rather than conventional approval process, might 
be linked to patenting and patent listing patterns. Given the requirement 
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under linkage law for intellectual property protection to be linked to a 
specific drug submission, we were particularly interested in exploring 
data relating to what we refer to as a ‘paradoxical drug approval-drug 
patenting linkage.’ That is, a legal linkage whereby the largest scope of 
intellectual property protection accrues to drugs with the least innovative 
character. 

The goal of the study described in this chapter is to empirically probe the 
legal and functional link between drug approval, drug patenting, and drug 
litigation for high-value pharmaceutical innovations. As already noted, 
patenting and litigation under linkage regulations are critical to both 
brand-name and generic markets, as they represent the primary mechanism 
by which regulators promote drug development in exchange for intellectual 
property rights. We were also interested in gathering data pertaining to the 
manner in which certain characteristics of drug approval-drug patenting 
linkage, such as the threshold requirements for a new and follow-on drug 
approval and expedited review, might direct firm patenting and linkage 
regulations activities. 

The remaining analysis is split into four parts. First we provide an 
overview of the methodology employed in our empirical study. We then 
describe the data relating to patenting and patent listing under the NOC 
Regulations. A number of different groups were analyzed: the entire cohort 
of drugs, most profitable drugs by sales, drugs approved via an expedited 
approval process without significant post-market conditions, drugs 
approved via expedited approval with significant post-market conditions, 
and drugs approved via a combination of the latter two pathways. 
Approved drugs and patents were also analyzed in relation to their patent 
type classification (chemical, process, combination, use, etc.) and World 
Health Organization therapeutic class designation (cardiovascular, 
antibiotic, antineoplastic, etc.). Following this, we interpret the data and 
provide a brief synthesis of the results in relation to existing intellectual 
property and food and drug policy. The final part is a summary and 
conclusions section. 


5.2 Methods 
5.2.1 General 


The term ‘drug approval-drug patent linkage’ is used throughout this 
chapter to refer to the specific legal nexus between drug approval under 
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food and drug law and drug patenting under patent legislation via the 
linkage regulations regime, in this case the Patented Medicine (Notice of 
Compliance) Regulations, or NOC Regulations. Drugs were analyzed in 
this study in two ways. First, the characteristics of the entire cohort of 95 
drugs were evaluated. Patenting per calendar year, patenting expressed as 
a function of the time after the priority date on which the first patent on 
the subset was issued, patent listing per year, cumulative patenting and 
patent listing, and the temporal lag between the average date of drug 
approval, the average date of patent issue, and the average date of patent 
listing were also explored. Finally, patent type classifications and 
therapeutic class for drugs and patents for the cohort were investigated. 
Secondly, drugs were subdivided into four further groups: Most Profitable 
drugs (n = 33); Priority Review (n = 40); drugs receiving an NOC with 
conditions (NOC/c; n = 16); and drugs receiving NOC/c approvals that 
were also approved via Priority Review (PR-NOC/c; n = 6). All drugs had 
at least one approval in between 2001 and 2008, as described in Sawicka 
and Bouchard.! Drugs were thus split into categories representing 
products already vetted by the market to be blockbuster in nature and 
those that were granted expedited review status by regulators in the hope 
they would be. 

As indicated by the designations just described, expedited approvals 
were divided into three categories. The reason for this approach is that 
NOCs can be granted in an expedited fashion under Canadian food and 
drug law in two primary ways which can be combined to create a third 
category.” The first is through Priority Review,’ which refers to the fast- 
tracking of eligible drug candidates intended for the treatment, prevention, 
or diagnosis of serious, life-threatening or severely debilitating diseases or 
conditions wherein there exists an unmet medical need or for which a 
substantial improvement in the benefit-risk profile is demonstrated.* 
Evidentiary requirements for safety, efficacy, and quality parallel those for 
non-priority submissions, the main difference being an accelerated review 
time. The second is the ‘NOC with conditions’ (NOC/c) pathway. NOC/c 
approval is granted for eligible NDS or SNDS submissions directed to 
serious, life-threatening or severely debilitating diseases or conditions for 
which there is promising evidence of clinical effectiveness based on available 
data.’ In addition to less onerous evidentiary requirements, the review 
process for NOC/c approval is significantly accelerated.8 The main 
difference with Priority Review is that NOC/c licensure is granted on the 
condition that the sponsor perform additional studies to confirm alleged 
benefits. The third category, PR-NOC/c approvals, are drugs that represent 
the highest potential value for pharmaceutical firms. This is because of the 
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combination of expedited review with lower pre-approval evidentiary 
requirements that would be seen by regulators to be aimed at target 
populations with the highest degree of unmet medical needs and/or 
benefit : risk. 

The Canadian Intellectual Property Office (CIPO) website provides 
public access to its comprehensive electronic database housing all 
patents issued or pending issuance in Canada. The database contains patent 
documents from 1869 to the present. The electronically available patent 
information consists of patent document images which include the 
patent cover page, abstract, claims, description, drawings, and bibliographic 
and text data which provide a patent summary, patent details, and the 
patent claims excised of all drawings.’ The online portal allows for searches 
to be performed against the bibliographic and text data fields only. Images 
are not searchable but can be viewed for any particular patent that has been 
returned in a given search. 

Presently, the database permits searching for patent documents by 
number, by words in the inventor, inventor country, owner, owner country, 
title, abstract, and claims fields, or by International Patent Classification 
(IPC), Canadian Patent Classification (CPC), Patent Cooperation Treaty 
(PCT) applications, availability of license, and language of filing. These 
searches can be combined or modified by Boolean operators and restricted 
to selected date ranges on any date field. The search results screen lists all 
patents captured by a particular search string by their patent number 
and truncated title. Details of patents can be viewed by clicking on the 
patent number. 

Patents within the CIPO database are not classified according to claimed 
uses for which the inventions have acquired patent protection or by the 
products and technologies that apply or make use of the protected 
invention. This makes it difficult to link patented inventions to the 
commercial products for which they provide exclusivity. In the case of 
medicinal drugs, this shortcoming makes it difficult to link drug patents to 
the brand-name drug products for which they provide brand-name 
pharmaceutical companies with commercial exclusivity. Canadian brand- 
name pharmaceutical companies can voluntarily list patents relevant to 
drug products approved for use and sale in Canada by registering these 
patents with the Canadian Patent Register (CPR) pursuant to NOC 
Regulations. As noted above, patent listing under the CPR is analogous to 
the listing of patents in the Orange Book under the US Hatch-Waxman 
linkage regime. As registering patents is voluntary and at the discretion of 
the individual pharmaceutical companies, the patent list cannot be 
considered comprehensive or even representative of all patents associated 
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with a specific drug product. Specific searches of the CIPO and other data 
bases were thus undertaken. 


5.2.2 Drug patenting 


In order to identify the full breadth of patent protection associated with a 
specific Canadian drug product, every patent within the CIPO database must 
be considered as a possible candidate, which may then be pruned for lack of 
relevance. The first level of pruning is achieved by employing carefully 
tailored searches of the online CIPO database. These searches can be 
formulated so as to return only those patents owned or assigned to the drug’s 
manufacturer (including those owned by its parent company/subsidiaries 
and partners) that make claims regarding the specific medicinal ingredients 
associated with the drug or claims regarding the general therapeutic class(es) 
to which the drug belongs. Each drug therefore has two search strings: (1) a 
general search string that returned patents that were likely to be relevant to 
the general therapeutic class associated with the drug in question; and (2) a 
specific search string that returned patents likely to be relevant to the specific 
drug in question. Both are discussed in detail in Chapter 4. In all, the two 
search strings returned over 20,000 patents for analysis. Patents were 
reviewed and pruned for relevance according to the methodology described. 
In addition, a significant number of patents were pruned for administrative 
reasons, similar to the manner in which administrative regulatory approvals 
were excised in Chapter 3. The resulting database contained 3,850 patents 
deemed relevant to the cohort of 95 drugs. Patent trees were constructed 
whereby the number, type, and timing of patents granted in relation to a 
specific drug or follow-on drugs could be assessed and visualized. An 
example of such an analysis is provided in Figure 5.1. 


5.2.3 Patent listing 


Patents may be listed on the Canadian Patent register (CPR) provided they 
are legally relevant to the already marketed Canadian drug product against 
which they are listed. A patent’s presence on the CPR thus signals that the 
listing pharmaceutical company acknowledges the patent to be an effective 
mechanism for enforcing its commercial exclusivity on the drug product to 
which the patent has been linked. Registered patents are typically the 
subject of much litigation and constitute valuable data regarding how many 
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Figure 5.1 Example of patent tree analysis for Advair Diskus®. 


Patents were identified using the specific and general search strings described in section 
5.2 on methods. In addition to quantifying patents per drug, the patent tree method allows 
assessment of how specific drugs evolve into related drug forms or (in this case) drug products 
representing combinations of known drugs. In addition, the patent tree analysis allows for 
identification of relevant patent types based on the classification nomenclature described 
in section 5.2 on methods. Finally, the patent tree analysis provides data not only relating to 
drug development, but also on the type of patents selected by pharmaceutical companies for 
listing on the patent register in order to prevent generic entry. 


patents granted for a specific drug product are listed on the CPR and thus 
deemed valuable by pharmaceutical companies in regard to protecting 
blockbuster drugs coming off patent.!? The CPR website provides access to 
all patents currently registered to brand-name firms in relation to Canadian 
drug products and also provides the data for all patents removed from the 
register due to expiration or invalidity since 2002. Upon request, the CPR 
was able to provide additional information regarding patents that were 
removed from the database prior to 2002 for the purposes of this study. 
The comprehensive database obtained provides an exhaustive list of all 
patents that effectively contribute to the commercial exclusivity of Canadian 
drug products investigated in this study. We quantified patents identified 
that were listed on the CPR under the NOC Regulations. Patents listed on 
the register can be litigated numerous times owing to the fact that they can 
be listed for multiple drug identification numbers (DINs) under the NOC 
Regulations. For our purposes, only the date of first instance (the earliest 
date on which the patent was registered) for each patent was collected and 
analyzed. 
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5.2.4 Patent class 


The growing divergence between breakthrough drugs and me-too and line 
extension drugs is becoming of increasing concern to policy-makers and 
public and institutional payers in light of the growing basket of intellectual 
property and regulatory rights attached to these products regardless of 
whether they are new or follow-on in nature. The primary regulatory 
mechanisms underpinning patent and linkage incentives for developing 
follow-on drugs are: the broad range of substances falling within the 
definition of a new active substance (NAS) and the range of substances and 
uses meeting the requirements for a supplemental new drug submission 
(SNDS) supporting line extension and other follow-on drugs. 

Previously referred to as a ‘new chemical entity’ (NCE),!! the definition 
of an NAS encompasses a wide range of chemically active substances, 
including: (1) a chemical or biological substance not previously approved 
for sale as a drug; (2) an isomer, derivative, or salt of a chemical substance 
that is already approved for sale as a drug but differing in properties with 
regard to safety and efficacy; or (3) a biological substance previously 
approved for sale as a drug, but differing in molecular structure, nature of 
the source material or even manufacturing process.'* The scope of 
regulatory approval based on an NAS is therefore very broad, and forms 
the basis for a wide berth of new (NDS) and supplementary (SNDS) drug 
submissions, including whether drugs are classified as first-in-class or 
me-too drugs.!? An SNDS in particular may be filed for changes to a drug 
that is already marketed by a sponsor,'* including minor changes to dosage, 
strength, formulation, manufacture, labelling, route of administration, or 
indication.!> Thus small changes in chemical properties, route of 
administration, or use may result in approval within NDS or SNDS 
approval streams. Importantly, patents may be listed on the patent register 
in respect of both NDS and SNDS drugs.!® 

In order to gain a better understanding of the patenting patterns 
associated with high-value drugs, a novel patent classification system was 
created for this study. Each patent deemed relevant to the cohort of 95 
drugs was classified in one or more of the following classes relevant to NDS 
and SNDS approvals: chemical derivative, chemical salt, chemical 
enantiomer, chemical crystal, process intermediate, process preparation, 
delivery, administration, combination therapy, and use/indication. Patents 
were classified as such based on specific information contained in the 
claims and description of each patent analyzed. The detailed patent 
classification system used to analyze the data is summarized in Table 5.1. 
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Table 5.1 Patent classification system 


Classification 


Code 


Description 


Administration 


Patent makes a claim(s) regarding the route 
of administration (e.g. oral, suppository, 
intravenous) or dosage forms of the 
medicinal ingredient. 


Chemical (crystal) 


Patent makes a claim(s) regarding the 
crystalline structure of the medicinal 
ingredient. 


Chemical (derivative) 


Patent makes a claim(s) regarding a 
chemical derivative(s) of the medicinal 
ingredient obtained via a simple reaction or 
the substitution of a functional group. 


Chemical (enantiomer) 


Patent makes a claim(s) regarding a specific 
enantiomer of the medicinal ingredient. 


Chemical (salt) 


Patent makes claim(s) regarding a specific 
salt form of the medicinal ingredient. 


Combination therapy 


Patent makes claim(s) regarding the 
therapeutic combination of the medicinal 
ingredient with one or more different drug 
products. 


Delivery 


Patent makes claim(s) regarding the in vivo 
delivery and bio-availability of the medicinal 
ingredient. 


Packaging 


Patent makes claim(s) regarding the function 
and aesthetics of the commercial and 
non-commercial packaging of the medicinal 
ingredient. 


Process (intermediate) 


Patent makes claim(s) regarding the 
chemical intermediates required in the 
manufacturing process of the medicinal 
ingredient. 


Process (preparation) 


Patent makes claim(s) regarding the process 
and methods of manufacture of the 
medicinal ingredient. 


Use 


Patent makes claim(s) regarding the medical 
indication for which the medicinal ingredient 
provides cure or alleviation of symptoms. 
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5.2.5 Therapeutic class 


In addition to classifying patent types, each of the 95 drugs studied was also 
classified in relation to its therapeutic class. The therapeutic class was assessed 
using the World Health Organization’s Anatomical Therapeutic Classification 
(ATC) System. As described on the WHO website,!” the ATC classification 
divides drugs into groups according to the organ or system on which they act 
and their chemical, pharmacological and therapeutic properties. The broadest 
level of classification is the ‘First Level,’ which represents the 14 primary 
anatomical sites of drug action. The WHO ATC System used to analyze 
therapeutic class is summarized in Table 5.2. 


5.2.6 Data analysis 


Drug approval, drug patenting, and patent listing data were identified, 
collected and analyzed as described previously.'* Similar methods were 
used for the analysis of patent and drug classification results. All data were 
statistically analyzed and graphed using a combination of Excel, Access 
(Microsoft Corp.), and GraphPad Prism (Graphpad Software Inc.). 


Table 5.2 First-level WHO Anatomical Therapeutic 
Classification System 


Centre | Classification 


A Alimentary Tract and Metabolism 
Blood and Blood Forming Organs 


Cardiovascular 


Dermatological 


Genito-Urinary and Sex Hormones 


I IOJ 


Systemic Hormonal (excluding Sex and 
Insulin) 


Systemic Antiinfectives 


Antineoplastic and Immunomodulatory 


Musculo-Skeletal 
Nervous System 


Antiparasitic, Insecticides, Repellents 


Respiratory 


Sensory 


</HO/DIViIZl=irjic 


Various 
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General patenting and patent listing data were fit using a number of 
parametric functions, including: a Gumbel-Min function of the form f(x) = 
A - [(1/o) - exp(((x - p)/o) - exp((x — p)/o))]; a Gompterz sigmoid function of 
the form f(x) = A - [exp(b - exp(c - exp(d(x — e))]; a normal Gaussian function 
of the form f(x) = A - [(1/2m0)*(1/2) - ee 1/2 - ee ae a a 
Log ‘wee III fit of the form f(x) = A - [(1/xIBIT(a y)/B)* 

- exp((In(x) — y)/B)] where T(œ) is ae gamma o Sere of a to a 
data was ee using the Kolmogorov-Smirnov goodness-of-fit test. 

Patenting data were further explored in Figure 5.4 using linear regression 
and exponential analyses. Total patenting data were fit to a four-parameter 
single exponential function of the form: A - exp(b - (Y - d)) + B, where A is 
amplitude, B is the rate constant of the exponential function and Y is 
calendar year. All parameters were allowed to ‘float.’ We also tested a two- 
parameter single exponential equation of the form: A - exp(b - (Y - V), 
where V was fixed at 1977 (the beginning of the data set) or 1993 (the 
coming-into-force date of the linkage regulations regime). We further 
probed whether the coming into force of the linkage regulations regime 
resulted in a different exponential function using a linear regression 
analysis. Data were fit by an exponential functional of the form: Y = © - 
exp[(By + B, Dt + £], where Y is total patents, £ is a noise term with zero mean 
and constant variance, t is the year, and I is an indicator variable taking on 
the value 1 for year 1993 and later, and zero otherwise. A log transform 
was used to test the null hypothesis that B, = 0 using linear regression. 


5.3 Results 
5.3.1 Full cohort of 95 high-value drugs 


5.3.1.1 Drug patenting and patent listing 


Patenting and patent listing data for the full cohort of 95 drugs are shown 
in Figure 5.2. A total of 3,850 patents were granted in relation to the cohort 
(@). This amounted to an average of 40 patents per drug (40.5 : 1.0). 
Patenting occurred over a relatively long period of almost 35 years, from 
1977 to the final year analyzed (2008). A significant take-off point of 
patenting from baseline levels occurred about 1983, with peak patenting in 
2003. The distribution of patenting data over time followed a general 
bell-shaped pattern that was strongly skewed to the left. The fit to the total 
patent data in Figure 5.2(a) is a Gumbel-Min distribution, with an 

= 0.9582. For reasons discussed in relation to Figure 5.3, this function 
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was selected over others as providing the best overall visual fit to the data. 
Cumulative patents for the cohort rose over time in a manner that was well 
fit by a sigmoidal function (W; R? = 0.9962). The most rapid phase of 
patenting occurred between 1994 and 2004, with peak patenting activity 
taking place by about 2006. 

Figure 5.2(b) (top) gives the same patent data re-plotted as a function of 
the year after the first patent on the cohort was issued. The distribution of 
patenting activity expressed as the year after first instance rose and fell in 
a general bell-shaped pattern (©), with patenting activity peaking over a 
prolonged period of 8 to 16 years after the priority date for first patent on 
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Figure 5.2 Patenting and patent listing patterns associated with cohort. 


(a) Total patents issued by year (@), cumulative number of patents (W), total patents listed 
on the patent register by year (#), and cumulative number of patents listed on the patent 
register (A). Data are for the cohort of 95 drugs and are the sum of data for all sub-groups 
analyzed (Most Profitable; Priority Review; NOC/c; PR-NOC/c). Note the convergence of 
cumulative issued and cumulative listed patents over the test period. (b) Total (©) and 
average (#) number of patents on approved drugs plotted as a function of the time after the 
priority date on which the first patent on the subset was issued. (c) Method used to calculate 
the temporal gap between the average date of drug approval on the cohort (2004) and 
the 10" (M,,), 50% (M,,), and 100" (M,,9) percentile of maximal drug patenting and patent 
listing data. Data are those from the cumulative number of patents (W) above. (d) Graph 
expressing the temporal relationship between drug approval, drug patenting and patent 
listing. Bars indicate M,,, Mso, and M,,,. values for patents per year (PY), cumulative patents 
per year (CPY), and cumulative patents registered on the patent register per year (CPRY). 
Time points are calculated as the difference between the date of average drug approval 
(NOC) and x (NOC-x), where x = the date of the 10t, 50", and 100" percentile of patenting, 
cumulative patenting, and patent listing, respectively. 
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the group. The fit to the data is a conventional Gaussian distribution, with 
R? = 0.8779. The peak of the Gaussian fit was 14 years after the priority 
date on first patent. As illustrated in the lower data set in Figure 5.2(b) (#), 
average patenting activity peaked at about 2.5 patents per product per year. 
Patenting activity remained at this level between the eighth and sixteenth 
year after the first patent on the cohort was granted. 

Figure 5.2(a) also shows the manner in which patents for the cohort were 
listed on the patent register. Of the 3,850 patents associated with the 
cohort, 196 were listed on the patent register between 1993 and 2008 (@). 
Thus about 5% of all patents granted to brand-name pharmaceutical firms 
were listed on the patent register under the linkage regulations in order to 
block generic entry. The distribution of patenting listing expressed per 
calendar year for the entire cohort peaked at about 25 patents per year 
around 2005. The time course for cumulative listed patents (A) was well 
described by a sigmoid function (R? = 0.9976). The slope of patent listing 
was greatest between 2000 and 2005 with an apparent peak in 2008. The 
curves for cumulative patents (MI) and the fraction of these patents that 
were listed on the patent register (A) converged over time, supporting the 
conclusion that brand-name firms are listing most if not all patents they 
obtain on the patent register in a timely and efficient fashion in order to 
delay generic entry.!? 

The data in Figures 5.2(a) and 5.2(b) indicate that drugs in the cohort 
were subject to strong patent protection and that a significant number of 
these patents were listed on the patent register in order to prohibit generic 
entry. Given the close relation between drug patenting and patent listing, 
we were interested in further probing the timing between drug approval, 
drug patenting, and patent listing. From each of the curves in Figure 5.2(a) 
we calculated three values: the 10 (M,,; filled bars), 50% (M,ọ; hatched 
bars) and (c) 100% (Mj 9; open bars) percentile of normalized maximum 
values. Each of the three values was then plotted as a function of the 
average date on which the cohort received marketing approval (2004). This 
was done to obtain a measure of the delay between drug approval, drug 
patenting, and patent listing. The procedure is demonstrated for cumulative 
patent listing data in Figure 5.2(c) (MH). 

The procedure described above differs slightly from that used in the pilot 
study of drug patenting and patent listing described in Chapter 4.7° There, 
we calculated the inflection point at which the data deviated most strongly 
from baseline values, as well as the point at which each curve reached the 
50% and 95% percentile of maximum values. The inflection point was 
calculated as the zero point of the second derivative of fits to the data. The 
reason for using a different method in the present work is that total 
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patenting activity in our pilot study was well fit using a Gaussian 
distribution. By contrast, the skewed relationship observed with a much 
larger data set (n = 95 drugs; Figure 5.2(a)) resulted in a slow rather than 
sharp rise in patenting activity, necessitating the use of simpler M,), M<o, 
and M.,,, values. 

As illustrated in Figure 5.2(d), there was a significant lag between the 
date on which drug approval was granted and the dates on which patents 
on the same drug product were granted. This gap was observed independent 
of whether patents were expressed by year of grant (patent per year (PY)) 
or cumulatively (cumulative patents per year (CPY)), and likely reflects the 
regulatory lag between drug patenting and drug approval. As patenting 
activity shifted from 10% to 50% and eventually 100% maximal values, 
the gap between M,,, Mso and M,o, values and date of average drug 
approval (NOC-x) progressively declined. Even so, M} and M,, remained 
4-15 years earlier than the date of average approval for patenting expressed 
per year and cumulative patenting. 

The data were different for patent listing. As demonstrated in Figure 
5.2(d), average M,, and M,, data for cumulative patents listed on the 
register per year (cumulative patents registered per year (CPRY)) exceeded 
the null point by only 4 and 0.5 years compared to 12 and 5 years for CPY. 
Therefore both the take-off point (M,,)) and the point of half maximal 
(M,,) patent listing occurred much closer to the date of average drug 
approval for the cohort compared to patenting activity expressed per year 
or cumulative patenting. In fact, data points for 50% and 100% CPRY 
were 0.5 and 4.0 years on either side of the null point. 

The data in Figure 5.2(d) show that the lag between the average date of 
drug approval and the average date of cumulative patent listing decreased 
progressively over the course of the test period. For example, the differential 
between M,, and M,,, values decreased from 15.75 years for PY, to 8.5 
years for CPY, and 0.25 years for CPRY. Ironically, the average date of 
approval for the cohort drugs was actually four years later than the average 
date of cumulative patent listing (NOC-x = —4.0). The likely reason for this 
result is the relative speed and flexibility of the process for patent listing 
compared to that for drug approval. Patent listing occurs in the order of 
days. This is a much shorter time frame than that for even supplemental 
(SNDS) drug approval, which occurs over a shorter time span than 
conventional new (NDS) drug approval. Combined, the data suggest that 
patent listing under linkage regulations may be a better proxy for drug 
approval (and thus potentially a better surrogate for drug development 
incentives) than drug patenting per se. 
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As demonstrated in Figure 5.2(a) the distribution of patenting data over 
time was far from symmetrical and not Gaussian in nature. The distribution 
skewed strongly to the left. There was a slow lead up of patenting activity 
for the years leading up to the coming into force of linkage regulations in 
1993. From that point onwards, the data were more in line with a 
conventional bell-shaped distribution. This raises the question of whether 
there is more than one underlying process contributing to total patenting 
activity and, if so, what its characteristics might be. In order to determine 
which statistical distribution best fits the patenting data for the cohort, we 
tested a wide array of statistical distributions (n = 61)*! for goodness of fit 
using the Kolmogorov-Smirnov goodness-of-fit test. The best scoring 
distribution across the data set was the Gumbel-Min distribution (0.1037 
K-S Score), followed by the Log-Pearson III distribution (0.1073 K-S 
Score). For comparison purposes, the normal Gaussian distribution is also 
shown, which had a K-S score of 0.1699. Data and fits for the three 
distributions are provided in Figures 5.3(a)—(c). The Pearson function fit the 
low rising component and peak component well, but not the second more 
rapid component. The single Gaussian missed both the slow and rapid 
rising phases and only fit the peak portion of the bell-shaped data set. By 
contrast, the Gumbel-Min function fit the rapidly-rising, peak and 
descending portions of the data set, leaving the slowly rising lower 
amplitude portion poorly fit. As the Gumbel-Min had the best K-S score 
and visually fit the data sets the most accurately of the fits tested, it was 
used for visual comparative purposes from this point forward. 

The fits in Figures 5.3(a)-(b) suggest that there may be two components 
to the rising phase of the patenting curve. We attempted to further 
characterize this possibility in a number ways. The first step was to 
determine if the data represented the sum of two bell-shaped distributions. 
We fit the data to two Gaussian functions, one from 1977 to 1993 and the 
other from 1993 to 2009. The break point of 1993 was selected as this is 
where the slower component of patenting appeared to evolve into a faster 
component on visual inspection. As shown in Figure 5.3(d), the data were 
not well fit using this procedure. In particular, data points between 1991 
and 1996, encompassing the potential transition point from a slow to fast 
component, were very poorly fit. Also, the declining phase of patenting 
activity between 2005 and 2009 was poorly fit. Thus the data did not 
represent a sum of two Gaussian functions. 

We next assessed whether the data might represent the sum of two 
exponential components. Data were again split into two epochs. The first 
was from 1977 to 1993 and the second from 1993 to 2001, the point of 
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Figure 5.3 Goodness of fit for patent distribution expressed per calendar year. 


Total patents plotted by calendar year (@) fit to (a) Gumbel-Min, (b) conventional 
Gaussian, and (c) Log-Pearson functions. The Kolmogorov-Smirnov (K-S) test was used as a 
goodness-of-fit test for the relationship of data points to the functions chosen. K-S 
statistics for Gumbel-Min, Gaussian, and Pearson functions were 0.1037, 0.1073, and 0.1699, 
respectively. Data were also poorly fit to the sum of two normal Gaussian distributions (d). 
The Pearson function fit the low rising component and peak component well, but did not fit 
well the second more rapid component. The single Gaussian missed both the slow and rapid 
rising phases and only fitted the peak portion of the bell-shaped data set. By contrast, the 
Gumbel-Min function fit the rapidly rising, peak, and descending portions of the data set, 
leaving the slowly rising lower amplitude portion poorly fit. As the Gumbel-Min had the best 
K-S score and visually fit the data sets the most accurately of the fits tested, it was used for 
comparative purposes from this point forward. 


maximal rate of increase in patenting activity. As illustrated in Figure 5.4(a), 
the data could be well fit to a sum of two single exponentials of the form: 
A - exp(b - (Y — d)) + B, where A is amplitude, B is the rate constant of the 
exponential function, and Y is calendar year. All four parameters were 
allowed to float (i.e. were not fixed). A, and A, were 12.60 and 30.24 for the 
1977-1993 and 1993-2001 epochs, respectively, suggesting the presence of 
two components of patenting in the data set. The time constants, representing 
the rate of change of patenting functions, were 0.1467 and 0.2875 for t, and 
T,, respectively. Thus the growth rate was much faster for the second larger 
amplitude phase of patenting (1/0.2875 = 3.48 years) compared to the 
smaller and slower first phase of patenting (a/0.1467 = 6.82 years). In other 
words, the amount of patenting was 2.5x greater and 2.0x faster between 
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Figure 5.4 Fit of 1977 to 2003 patenting data to exponential functions. 


Data were fit to two single exponential functions using two different procedures. In panel (a), data 
were split into two epochs: 1977—1993 (@) and 1993-2001 (O), the point of maximal rate of increase 
in patenting activity. Data were then fitto a sum of two single exponential four-parameter functions as 
described in the text. Solid and dashed lines are fits to epochs one and two, respectively. Amplitudes 
and time constants were 12.60 and 0.1467, and 30.24 and 0.2875, for the first and second epochs 
respectively. The fits suggest the presence of a small and slower phase of patenting followed by a 
larger and faster phase. In panel (b), linear regression analysis was undertaken to probe whether 
a year-specific change in the patent regime in 1993 resulted in a second exponential function. We 
assumed a data-generating process with the functional form: Y = œ- exp[(BO + B1 I)t + £], where Y 
is total patents, £ is a noise term with zero mean and constant variance, t is the year, and | is an in- 
dicator variable taking on the value 1 for year 1993 and later, and zero otherwise. A log transform 
allowed testing of the null hypothesis (B1 = 0) using linear regression. The result (p = 0.006955) 
suggests there is a shift in the exponential growth of patenting in 1993. Raw data (#) are the 
same as those in (a). 


1993 and 2001 than between 1977 and 1993. A similar result was obtained 
when a two-parameter equation was used: A - exp(b - (Y — V), where V is a 
fixed parameter (1977 or 1993). A,, A,, T,, and t,, were 5.4058, 73.5989, 
0.1772, and 0.1971, respectively. Thus, for both two- and four-parameter 
exponentials, there was a large, fast, and later phase of patenting superimposed 
on a relatively small, slower, and earlier phase.?? 

A linear regression analysis was undertaken to probe whether a year- 
specific change in the patent regime in 1993 resulted in a second exponential 
function (Figure 5.4(b)). We assumed a data generating process with the 
functional form: Y = a - exp[(B, + B, Dt + £], where Y is total patents, € is 
a noise term with zero mean and constant variance, t is the year, and I is an 
indicator variable taking on the value 1 for year 1993 and later, and zero 
otherwise. A log transform allowed testing of the null hypothesis (8, = 0) 
using simple linear regression. The associated p-value of 0.006955 supports 
the conclusion that there is a shift in the exponential growth of patenting 
in 1993. However, the negative sign on the coefficient suggests that the 
growth in total patenting follows a slightly slower growth exponential after 
1993 than before. 
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Both approaches in Figure 5.4 assume underlying exponential functions. The 
first allows more parameters to shift, but does not test whether the change in 
1993 is statistically significant. The second allows only one parameter to change, 
but includes a hypothesis test to demonstrate that the change is statistically 
significant, and therefore we may conclude that the regime change had a 
measurable effect. This shows up in a slight bump in 1993. Since the change in 
legal framework would suggest a shift at this time, and because the hypothesis 
test confirms that a change took place, we conclude that the growth in total 
patenting was affected when the linkage regime came into force in 1993. In other 
words, the linkage regime itse/f altered patenting behavior by firms. 

We next investigated changes in global patterns of peak patenting per 
drug for the cohort. Figure 5.5 shows the results of an analysis of changes 
in the average time it took for peak patenting per drug over the course of 
the period 1977 to 2000 for the 95 drugs in the cohort. Data are expressed 
as the time after the year of first issuance of a patent for a given drug. This 
was done to probe the patenting strategy of pharmaceutical firms over the 
test period. Drugs were included in the analysis only if their patenting 
activity clearly peaked prior to 2008. As indicated by the numbers on top 
of relevant symbols (W) the number of drugs per calendar year was 
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Figure 5.5 Analysis of average year to peak patenting per drug for cohort. 


The number of drugs with patents peaking in a given year is provided on top of each symbol 
(m), which represents the average number of drugs with peak patenting activity in a given 
year. Numerical values at the bottom of symbols represent the total number of patents for 
drugs. The data demonstrate a continuing trend towards faster peak patenting per drug over 
the term 1976 to 2000. The average year of first patent instance for the cohort was 1986. 
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dispersed fairly evenly, with slight peaks in 1978 and in between 1987 and 
1990. Similarly, the numbers in brackets at the bottom of the symbols 
demonstrate that the number of cumulative patents per category per year 
was also dispersed fairly evenly over the test period. 

During the first four years of the test period (1977-1980) the average 
year to peak patenting activity was about 25 years. For the five years 
between 1986 and 1991 this value declined to about 15 years, and 
decreased further to eight years for the five-year period between 1996 and 
2000. Thus there was a reduction of the time to peak patenting from a 
maximum of 25 years in 1979 to a minimum of 7.5 years in 2000. This 
equals a 330% increase in the speed of maximal patenting per drug over 
the course of 20 years. While this conclusion is somewhat tentative given 
the lower numbers of patents towards the end of the test period, the data 
suggest that pharmaceutical firms have become significantly more efficient 
in their patenting efforts over time. This conclusion is consistent with the 
substantial growth in patent listing in the last decade, the convergence of 
patenting and patent listing data, and the decreasing time lag between drug 
approval and drug patenting and patent listing (Figures 5.2(a)—(d)). 


5.3.1.2 Patent class 


Patents associated with the cohort were further investigated according to the 
patent classification scheme described in section 5.2 (Methods). Both 
absolute numbers of patents per classification and the average number of 
classifications per drug were calculated. Figure 5.6(a) shows data expressed 
as the average number of patents per drug for each group. There were 5,859 
individual patent classifications associated with the cohort of 95 drugs. This 
amounted to an average of about 62 (61.67) patent classifications per drug. 
This is a truly remarkable number of patent classes per drug. Patents for the 
cohort were distributed in three numerical bins: 1-5 patents per drug, 6-10 
patents per drug, and greater than 10 patents per drug. The majority of 
classifications (7/11, or 64%) had 1-5 patents per drug that were widely 
dispersed throughout the classification system. Most of these patents were 
directed to intermediate processes and chemical forms, particularly the 
latter. Specific chemical forms were, in order of prevalence: chemical 
derivatives (Cp), chemical crystalline forms (Co), chemical salts (C,), and 
chemical enantiomers (C). Only three of the classifications contained drugs 
with 6-10 patents each. These were directed to patents on uses, routes of 
administration, and processes of preparation. The classification with the 
largest number of patents per drug was combination therapies (C,). 
This class had a peak of 23 patents per drug, representing by far the largest 
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patent classification. The rank order of patent classification for the 
cohort was: C,>>AUP,>>C,DP,C..C,.C.I. Raw data are provided in Table 5.4 
below. 

In addition to the detailed patent classification scheme described above, 
we also derived a simplified patent classification scheme. The rationale for 
undertaking this procedure was that patents are often referred to simply as 
‘chemical,’ ‘process,’ ‘combination,’ or ‘use’ patents. For convenience, the 
Delivery and Packaging classes in the detailed scheme were folded into the 
Administration class. The 5,859 classifications were directed fairly broadly 
to combination (36.7%), route of administration (23.9%), use (15.0%), 
process (12.7%), and chemical (12%) patents. The rank order of general 
patent classifications was C,>A>UPC. Raw data for the cohort are provided 
in Table 5.6. The large number of patents and patent classifications 
associated with the cohort (Figure 5.6; Tables 5.5 and 5.6 below) indicate 
there is a large ‘pool’ of highly diverse patents from which to draw for both 
NDS and SNDS submission and patent listing purposes. 


5.3.1.3 Therapeutic class 


The final analysis for the cohort was by WHO therapeutic class. Generally, 
the drugs analyzed in this study fell into 10 of the 14 WHO ATC classes. 
As illustrated in Figure 5.6(b), the cohort of 95 drugs could be divided into 
three discrete groups: 0-5, 5-15, and greater than 15 drugs per class. The 
largest group was Antineoplastic/Immunomodulator (n = 23). The second 
largest was composed of Alimentary Tract & Metabolism (n = 12), 
Cardiovascular System (n = 16), Systemic Antiinfectives (n = 15), and 
Nervous System (n = 15) classes. Together these groupings accounted for 
the large majority of drugs (81 of 95; 85.26%). The remaining 14 drugs 
were dispersed among five further classes with much smaller values: Blood 
& Blood Forming Organs (n = 2); Musculo-Skeletal System (n = 3); 
Respiratory System (n = 5); Sensory Organs (n = 2); and Various (n = 2). 
The rank order of WHO classifications for the cohort was L>CJNA>>RMBSV. 
Raw data for the cohort are provided in Table 5.7 below. 

In addition to drugs per therapeutic class, we also analyzed patents per 
therapeutic class. Figures 5.6(c) and 5.6(d) show a comparison of total 
patents and patents per drug plotted against ATC class. As indicated by the 
data in the bar graphs, there was substantial variability in the number of 
patents associated with the various therapeutic classes depending on 
whether the data were plotted as total number of patents per class or 
average number of patents per drug per class. Of 3,850 patents granted on 
the entire cohort, 46% (n = 1,750; 45.5%) were associated with only two 
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Figure 5.6 Patent classifications and WHO ATC classifications for cohort. 


(a) Bar graph illustrating patent classifications for the cohort of 95 drugs. There were 5,859 
individual patent classifications associated with the cohort, amounting to about 61 classifications 
per drug. The majority of classifications (7/11) had 1-5 patents per drug widely dispersed 
throughout the classification system. Most were directed to intermediate processes and 
chemical forms, particularly chemical derivatives, chemical crystalline forms, chemical salts, 
and chemical enantiomers. Two classifications contained drugs with 6—10 patents each. 
These were directed to patents on uses and routes of administration. Combination therapies 
was the largest class, with 23 patents per drug. Panels (b)—(d) are bar graphs showing 
data for the cohort analyzed with respect to the first-level WHO Anatomic Therapeutic Class 
(ATC) drug classification scheme. Data are expressed as (b) number of drugs in the cohort 
per ATC class, (c) number of patents in the cohort per ATC class, and (d) number of patents 
per drug per ATC class. Details of both classification systems are described in section 5.2 
on methods. 


therapeutic classes: AntineoplasticAmmunomodulator (n = 900) and 
Cardiovascular (n = 850). A second, and equally large, grouping (n = 1,725; 
44.81%) was composed of Alimentary Tract & Metabolism (n = 400), 
Nervous System (n = 400), Antiinfectives (n = 350), Musculo-Skeletal (n = 350), 
and Hormonal (n = 225), with remaining patents (10%) split between 
Sensory Organs (n = 50), Blood Forming Organs (n = 5), and Various (n = 5). 
As such, the rank order of total patents distributed within the WHO ATC 
classification was LC> NMJH>>SBV. 
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Figure 5.6(d) shows patents analyzed per drug for the various therapeutic 
classes. While the cohort had on average 40 patents per drug (Figure 5.1), 
the average number of patents per ATC classification varied tremendously, 
from a low of 3.5 to a high of 116. The largest class by far was Musculo- 
Skeletal drugs, which had an average of 116 patents per drug. This was 
followed by Cardiovascular (n = 55), Respiratory (n = 45), Antineoplastic/ 
Immunomodulator (n = 38), Alimentary Tract and Metabolism (n = 33), 
Sensory Organs (n = 27), Nervous System (n = 25), Antiinfectives (n = 25), 
Blood (n = 5), and Various (n = 3.5). The most significant deviation of 
patenting per ATC class from total patenting data was that while almost 
50% of all patents were distributed within the Antineoplastic, 
Immunomodulatory, and Cardiovascular classifications (Figure 5.6(c)), 
peak patenting activity per drug was associated with a much more broad 
set of therapeutic classifications (Figure 5.6(d)). The rank order of patents 
per drug per ATC class was M>CRLA>SNCSBV. 


5.3.2 Most Profitable, Priority Review, NOC/c, and PR-NOC/c 
sub-cohorts 


5.3.2.1 Drug patenting and patent listing 


Patenting and patent listing patterns for most profitable drugs (Most 
Profitable; n = 33), expedited drug approvals without significant post- 
market obligations (Priority Review; n = 40), expedited approvals with 
significant post-market obligations (NOC/c; n = 16), and drugs subject to 
expedited approval via the Priority Review stream that also received NOC/c 
approvals (PR-NOC/c; n = 6) are shown in Figure 5.7. 

The patenting and patent listing patterns observed for the four groups 
were in general quite similar. As with patenting activity for the cohort 
(Figure 5.2), patenting expressed per calendar year had a bell-shaped 
pattern which was skewed to the left. As per Figure 5.3, all fits to the data 
are Gumbel-Min functions. Fits were R? = 0.9487 for Most Profitable (W), 
0.9329 for Priority Review (V), 0.9151 for NOC/c (#), and 0.9606 for 
PR-NOC/c (@) groups, respectively. Peak patenting occurred within a small 
temporal window for all four groups (2003-2005). Peak patenting for the 
Most Profitable group (n = 179) exceeded that for the Priority Review group 
(n = 150) and was a little over three times (325%) greater than that 
observed for the NOC/c (n = 55) and PR-NOC/c (n = 56) groups. The 
threefold increase in patents for the Most Profitable group can be seen both 
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Figure 5.7 Comparison of drug patenting, cumulative patenting, and cumulative 
patent listing for Most Profitable, Priority Review, NOC/c, and PR-NOC/c groups. 
Data are shown for (a) patents per calendar year, (b) cumulative patenting activity, and (c) 
cumulative patent listing for Most Profitable (ll), Priority Review (Y), NOC/c (#), and PR- 
NOC/c (@) groups. Fits to the data are Gumbel-Min for panel (a) and Gompertz sigmoid 
functions for panels (b) and (c). 


in the raw (Figure 5.7(a)) and cumulative (Figure 5.7(b)) data, with a more 
pronounced peak in the cumulative data. The onset of patenting activity 
was earliest for Most Profitable drugs, followed by Priority Review, NOC/c, 
and PR-NOC/c drugs. While the onset appeared to be earlier for the 
PR-NOC/c group compared to the NOC/c group (Figure 5.7(a)), cumulative 
patenting activity for both groups was nearly identical (Figure 5.7(b)). All 
four data sets for cumulative patenting were well fit by a sigmoid function, 
with R2 values of 0.9960, 0.9956, 0.9927, and 0.9997 for Most Profitable, 
Priority Review, NOC/c, and PR-NOC/c groups, respectively. Peak 
cumulative patenting followed a similar order as patenting activity 
expressed per calendar year: Most Profitable (n = 1,846), Priority Review 
(n = 1,291), NOC/c (n = 387), and PR-NOC/c (n = 379). 

The data in Figures 5.7(a) and 5.7(b) indicate that the large majority of 
patenting activity (80%) occurred in relation to Most Profitable and 
Priority Review drugs, with much smaller overall patenting levels associated 
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with the NOC/c and PR-NOC/c groups. While true in absolute terms, this 
conclusion is somewhat tempered when data for expedited review are 
parsed in a more nuanced manner. For example, the average number of 
patents per drug was 55.9, 31.5, 24.19, and 63.17 for Most Profitable, 
Priority Review, NOC/c, and PR-NOC<c, respectively. Therefore, while the 
number of patents per drug in the Most Profitable, Priority Review, and 
NOC/c groups tracked the rank order for peak patenting per drug by 
calendar year (Figure 5.7(a)) and cumulative patenting (Figure 5.7(b)), 
normalized data indicate (1) that NOC/c drugs did not differ substantially 
from Priority Review drugs and (2) that drugs approved with both Priority 
Review and NOC/c status (PR-NOC/c) had a disproportionally high 
number of patents per drug compared to either the Priority Review or 
NOC/c groups alone. A summary of patent data for all groups studied is 
provided in Table 5.3. 

Figure 5.7(c) shows patent listing data for the Most Profitable (W), 
Priority Review (W), NOC/c (#), and PR-NOC/c (@) groups. In general, 
data for the listing of patents on the patent register under the linkage 
regulations again paralleled that for patenting. The Most Profitable drugs 
had the largest number of listed patents (n = 110), followed by Priority 
Review (n = 56), NOC/c (n = 23), and PR-NOC/c (11). Thus firms listed 
5.96%, 4.34%, 5.94%, and 2.90% of patents granted in relation to Most 
Profitable, Priority Review, NOC/c, and PR-NOC/c drugs, respectively. 
This can be compared with 5.1% of patents for the entire cohort (Figure 5.2). 
Of interest, while the number of average patents per drug was very large for 
the PR-NOC/c group compared to the other groups, the fraction of these 
patents listed was the smallest for all of the groups studied to date. 

Normalized patenting, cumulative patenting, and cumulative patent 
listing data within each of the four groups are provided in Figures 5.8(a)- 
5.8(c). As with the cohort (Figure 5.2), the general bell-shaped and 


Table 5.3 Summary of drug patenting data 


Patents Total MP PR NOC/c | PR-NOC/c 
(N = 95) | (N = 33) | (N = 40) | (N=16)| (N=6) 
Patents 3,850 | 1,846 | 1,291 387 379 
Patents per drug 40.5 55.9 32.3 24.2 63.2 
Listed patents 199 110 56 23 11 
Average patent date | 2000 1999 2000 2001 2001 
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Figure 5.8 Comparison of normalized drug patenting and patent listing patterns 
for Most Profitable, Priority Review, NOC/c, and PR-NOC/c groups. 

Data are shown for (a) normalized patents per calendar year, (b) cumulative patenting 
activity, and (c) cumulative patent listing for Most Profitable (ll), Priority Review (Y), NOC/c 


(#), and PR-NOC/c (@) groups. Fits to the data are Gumbel-Min for panel (a) and Gompertz 
sigmoid functions for panels (b) and (c). 


sigmoidal patterns for normalized patenting and patent listing data were 
observed in all four groups. Patenting activity expressed per calendar year 
rises and falls with time, and cumulative patenting lags behind cumulative 
patent listing in each case. However, there was an important difference 
between groups in relation to the degree to which patenting activity per 
calendar year was skewed to the left. The rank order for leftward skewing 
was Most Profitable>Priority Review>>PR-NOC/c>NOC/c. The fact that 
the two groups with the largest patenting activities over time (Most 
Profitable and Priority Review) were those that skewed most strongly to the 
left explains this tendency in the cohort (Figure 5.2(a)). Cumulative 
patenting and patent listing were both well fit by a sigmoid function. R? 
values for cumulative patenting activity were 0.9960, 0.9956, 0.9927, and 
0.9997 for Most Profitable, Priority Review, NOC/c, and PR-NOC/c, 
respectively. R? values for cumulative patent listing were 0.9977, 0.9979, 
0.9923, 0.9775 for the same groups. 
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While both cumulative patenting and cumulative patent listing followed 
sigmoidal patterns for the four groups studied, there were significant 
differences between groups. In particular, the date of onset of patenting and 
patent listing and the rates of growth to maximal levels differed between 
groups. Both cumulative patenting activity and patent listing were shifted 
to the right for Priority Review and both NOC/c groups compared with the 
Most Profitable group. The apparent take-off point for patenting in the 
Most Profitable group was about 1988. This can be compared to 
the NOC/c and PR-NOC-c groups, which had apparent take-off points 
close to 1993, the date on which the NOC Regulations came into force. A 
similar pattern emerged in the patent listing data, where the apparent take- 
off points for the Most Profitable and PR-NOC/c groups appeared to be 
about 1995 and 2000, respectively. Similarly, the most rapid phase of 
cumulative patenting occurred between 1995 and 2000 for the Most 
Profitable and Priority Review groups (Figure 5.8(b)) whereas that for 
NOC/c and PR-NOC/c groups occurred later, between 2000 and 2004. 
Data for patent listing paralleled this trend (Figure 5.8(c)). Finally, visual 
inspection of the slopes for cumulative patenting and listing activity 
suggests there may be different rates of convergence of patenting and patent 
listing curves over time for the different groups. Differences in convergence 
of this nature would be important, as they may reflect strategic responses 
by pharmaceutical firms to safety and efficacy signals generated in both the 
pre-market and post-market phases of drug development. 

Figure 5.9 shows a more detailed analysis of the relationship between 
drug approval, drug patenting and patent listing for the Most Profitable, 
Priority Review, NOC/c, and PR-NOC/c groups. As observed for the 
cohort (Figure 5.2(d)), there was a significant lag between the date on 
which drug approval was granted and the dates on which patents on the 
same drug product were granted. This delay gradually declined as patenting 
activity shifted from 10% to 50% and 100% maximal values. As observed 
with general patenting activity and patent listing (Figures 5.7 and 5.8), 
there were small but significant differences between groups. For example, 
there was a progressive decline in the lag between drug approval and the 
10%, 50, and 100% percentile of maximal patenting per year (PY) from 
Most Profitable, to Priority Review, NOC/c, and PR-NOC/c. The onset of 
significant patenting activity (M,,) declined from 19 years, to 16, 13, and 
11 years for these groups. However, at the Mo, level, the lag had reduced 
to essentially zero for all four groups. There was even less difference 
between CPY and CPRY data, which had M,), M,,, and M, 9, values 


10° 
within 1-3 years of each other. The rank order for proximity of drug 
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Figure 5.9 Comparison of temporal relationship between drug approval, drug 
patenting, and patent listing for Most Profitable, Priority Review, NOC/c, and 
PR-NOC/c groups. 

(a)-(d) Bar graphs illustrating the temporal relationship between drug approval, drug 
patenting and patent listing. As in Figure 5.2(d), bars represent M,,, M,o, and M; og values for 
patents per year (PY), cumulative patents per year (CPY), and cumulative patents registered 
on the patent register per year (CPRY) for Most Profitable, Priority Review, NOC/c, and 
PR-NOC/c groups, respectively. Time points are calculated as the difference between the 
date of average drug approval (NOC) and x (NOC-x), where x = the date of the 10", 50t, and 
100" percentile of patenting, cumulative patenting, and patent listing, respectively. 


patenting and patent listing to drug approval was PR-NOC/c>NOC/ 
c>Priority Review>Most Profitable. As such, the data demonstrate that the 
NOC/c regime provides a highly flexible mechanism for pharmaceutical 
firms to provide intellectual property protection to drugs, even under 
conditions where they are still in the regulatory approval phase. 

Figure 5.10 shows a comparison of changes in the average time it took 
for peak patenting per drug over the period 1977 to 2000 for the four 
groups. Data are expressed as the time after the year of first issuance of a 
patent for a given drug. Fits are to a Gumbel-Min function and are for 
visual inspection purposes only. The data suggest that the general decline in 
peak patenting cycles per drug observed for the cohort in Figure 5.5 was 
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Figure 5.10 Comparison of year to peak patenting per drug for Most Profitable, 
Priority Review, NOC/c, and PR-NOC/c groups. 
Symbols represent the average number of drugs with peak patenting activity in a given 


year for Most Profitable (ll), Priority Review (Y), NOC/c (@), and PR-NOC/c (®) groups, 
respectively. 


reflective of group-specific differences in peak patenting per drug over time. 
For example, peak patenting per drug for the Most Profitable group (W) 
had a bell-shaped pattern over time, peaking between 15 and 17 years after 
the priority date of the first patent granted on the group. This pattern was 
repeated from a lower baseline for Priority Review drugs (V). 

While the pattern was bell-shaped for Priority Review, it was nevertheless 
shifted to the left by 3-4 years. The same was true for the NOC/c (@) and 
PR-NOC/c (®) groups, which were shifted down and to the left yet again. 
Thus, as one moves from Most Profitable to Priority Review, to NOC/c, 
and eventually PR-NOC/c, peak patenting occurs at progressively fewer 
years after the date of the first patent on the group, and this peak generally 
involves fewer and fewer patents per drug. A caveat for this conclusion, as 
shown clearly by the fits to the raw data, is that even the Gumbel-Min 
function provided generally poor fits to the data. R* values were 0.8437, 
0.8391, 0.7228, and 0.8510 for Most Profitable, Priority Review, NOC/c, 
and PR-NOC<ic groups, respectively. Moreover, as discussed in section 5.3.3 
on limitations below, the data sets for NOC/c and PR-NOC<c are less likely 
to be complete or nearing completion than those for the Most Profitable 
and Priority Review groups. Even so, the data in Figure 5.10 demonstrate 
a slow but steady downward and leftward shift towards fewer patents and 
earlier year after first instance peaks for the groups as described. 
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5.3.2.2 Patent class 


Patents associated with Most Profitable, Priority Review, NOC/c, and 
PR-NOC/c drugs were assessed according to the patent classification 
scheme described in the section on methods. Data in Figure 5.11 represent 
patent classifications per drug for each group. As observed for the cohort 
(Figure 5.6), all four groups shared a ‘W’-shaped distribution, with the 
Combination Therapy class providing the middle peak and Administration 
and Use patents providing generally ascending bookends. There were 5,732 
individual patent classifications associated with the cohort of 95 drugs. Of 
these, 2,762, 1,886, 582, and 502 classifications were associated with Most 
Profitable, Priority Review, NOC/c, and PR-NOC/c groups, respectively. 
The results differed substantially when the data were expressed as the 
number of patent classifications per drug: there were 83.7, 46.0, 36.4, and 
83.7 classifications per drug for the Most Profitable, Priority Review, 
NOCz/c, and PR-NOC/c groups, respectively. Thus, while the PR-NOC/c 
group had the least number of patent classifications overall, it had the 
largest number of patent classifications per drug. 
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Figure 5.11 Comparison of patent classifications for Most Profitable, Priority Review, 
NOC/c, and PR-NOC/c groups. 


(a)-(d) Bar graphs illustrating patent classifications per drug for Most Profitable, Priority 
Review, NOC/c, and PR-NOC/c groups, respectively. 
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Patents could be split into four numerical bins for each group: 0-5, 5-10, 
10-15, and greater than 15 patents per drug. The ratio was very similar for 
each group: 7: 1:2: 1 for Most Profitable, 8 : 2 : 0: 1 for Priority Review, 
8:2:1:0 for NOC/c, and 7:2:1:1 for PR-NOC/c. The most significant 
difference was in the number of patents per class in the 10-15 and 15+ 
ranges. The largest class was the 15+ category for the PR-NOC/c group 
(Figure 5.11(d)), which had a maximum of 40 Combination Therapy 
patents per drug. This can be compared to 32 (Figure 5.11(a)), 17 (Figure 
5.11(b)), and 15 (Figure 5.11(c)) for Most Profitable, Priority Review, and 
NOC/c drugs. Administration and Use patent classes represented the two 
next largest classifications. PR-NOC/c, Most Profitable, Priority Review, 
and NOC/c drugs were associated with 14, 15, 10, and 5 Administration 
patents on average, while Use patents were 7, 13, 7, and 10 for the 
PR-NOC/c, Most Profitable, Priority Review, and NOC/c groups. Of 
interest, while the PR-NOC/c group had by far the lowest number of drugs 
(n = 6) with the lowest number of patents (n = 379), listed patents (n = 11), 
and patent classifications (n = 502), when averaged out for the number of 
drugs per group each of these metrics was the highest, or next to the highest, 
among groups. Raw data for the detailed classification scheme are provided 
in Table 5.4. Rank order classification data are given in Table 5.5. 

In addition to the detailed patent classification scheme, Most Profitable, 
Priority Review, NOC/c, and PR-NOC/c drugs were also analyzed via the 


Table 5.4 Summary of detailed patent classification data 


Patent class Total MP PR NOC/c | PR-NOC/c 
(n = 95) | (n = 33) | (n = 40) | (n = 16) (n = 6) 

Administration 1,008 473 358 91 82 
Chemical (Crystal) 136 93 23 4 10 
Chemical (Derivative) 439 176 156 48 56 
Chemical (Enantiomer) 44 26 12 0 1 
Chemical (Salt) 84 72 9 0 3 
Combination Therapy 2,131 1,003 686 223 242 
Delivery 284 150 89 19 25 
Packaging 109 54 36 9 10 
Process (Intermediate) 196 83 71 12 9 
Process (Preparation) 551 294 161 37 24 
Use 877 410 285 139 40 
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Table 5.5 Summary of general patent classification data 


Patent class Total MP PR NOC/c | PR-NOC/c 
(n = 95) | (n = 33) | (n = 40) | (n = 16) (n = 6) 
Administration 1,401 677 483 119 117 
Chemical 703 367 200 52 70 
Process 747 377 232 49 33 
Combination 2,131 1,003 686 223 242 
Use 877 410 285 139 40 


simplified scheme. The 5,732 classifications were directed broadly to 
Combination, Route of Administration, Use, Process, and Chemical patents, 
the range for which depended on the group studied. One consistent 
observation was that the largest group was Combination patents, followed by 
either Use or Administration patents. The rank order of general classifications 
was C,>>A>UPC for the Most Profitable drugs, C;>A>UPC for Priority 
Review, C;>UA>CP for NOC/c, and C,>A>C>UP for PR-NOC/c. Thus the 
general W-shaped pattern breaks down somewhat when data are analyzed 
with the general scheme, with NOC/c and PR-NOC/c drugs in particular 
containing a relatively larger fraction of Use and Chemical patents. 

In light of the large allowance for new uses and chemical derivatives 
allowed under the definition of new active substance (NAS) and supplemental 
new drug submissions (SNDS) streams, the larger number of patents 
making up the Use and Chemical pools observed here would be attractive 
to sponsors seeking to obtain patent protection for follow-on SNDS drugs. 
Raw data for the general classification scheme are provided in Table 5.5. A 
comparison of the rank orders for the general classification scheme is 
provided in Table 5.6. 


5.3.2.3 Therapeutic class 


Finally, the four groups were analyzed by WHO therapeutic class. Unlike 
the cohort analysis (Figure 5.6), the data shown in Figure 5.12 for Most 
Profitable, Priority Review, NOC/c, and PR-NOC/c groups did not fall into 
a broad range of therapeutic classes. Data for each group fell into one of 
only two numerical bins: those with 0-5 drugs per ATC class and those 
with 5-10 drugs per class. The ratio of drugs in each group was 2 : 3, 7: 
3, 2: 1, and 3 : 0 for Most Profitable, Priority Review, NOC/c, and 
PR-NOC/c drugs, respectively. 
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Table 5.6 Comparison of rank orders for patent 


classifications 


Group 


Detailed classification 


Code rank order 


Cohort (n = 95) C,>>AUP,>>C,)DP,C,C_C.l 
Most Profitable (n = 33) C->>AU>P >C DCP CCP 
Priority Review (n = 40) C,>>AU>P,C,DP,/CgC_PC, 
NOC/c (n = 16) C,>UA>P,C,DP,PC,C.C, 


PR-NOC/c (n = 6) 


C->>A>CpU>P DCP PCCE 


General classification 


Cohort (n = 95) C,>A>UPC 
Most Profitable (n = 33) C,>>A>UPC 
Priority Review (n = 40) C,>A>UPC 
NOC/c (n = 16) C,>UA>CP 
PR-NOC/c (n = 6) C,>A>C>UP 
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Figure 5.12 Comparison of first-level WHO ATC Drug Classifications for Most 
Profitable, Priority Review, NOC/c, and PR-NOC/c groups. 


(a)—(d) Bar graphs illustrating drug classifications for Most Profitable, Priority Review, NOC/c, 
and PR-NOC/c groups. Bars represent the number of drugs in each group per ATC class, 


respectively. 
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Both NOC/c and PR-NOC/c had only three classifications each in total, 
while even the Most Profitable group only had five. The group with the 
largest number of classifications (Priority Review) was also that in which 
ATC classifications were distributed most broadly. While there was no 
repetitive pattern between groups, generally the largest ATC classes were 
Alimentary Tract & Metabolism (A), Cardiovascular System (C), Systemic 
Antiinfectives (J), and Antineoplastic/Immunomodulator (L), with an 
average of 10 drugs per therapeutic class in most groups studied. Raw 
data for the Cohort and Most Profitable, Priority Review, and NOC/c 
groups are provided in Table 5.7. Rank orders for the groups are given in 


Table 5.8. 


Table 5.7 Summary of WHO Drug Classification data 


Drug class Total MP PR NOC/c PR- 
(n = 95) | (n = 33) | (n = 40) | (n = 16) | NOC/c 
(n = 6) 
Alimentary Tract/Metabolism 12 10 2 = = 
Cardiovascular 16 11 6 - - 
Systemic Antiinfectives 15 = 11 2 2 
Antineoplastic/ 23 3 7 10 3 
Immunomodulatory 
Nervous System 15 7 3 4 — 
Blood/Blood Forming 
2 = 2 - - 
Organs 
Musculo-Skeletal 3 - 2 - 1 
Respiratory 5 2 3 a = 
Sensory 2 — 2 — — 
Various 2 - 2 - - 


Table 5.8 Comparison of rank orders for WHO 
Drug Classifications 


Group Code rank order 
Cohort (n = 95) L>CJNA>>RMBSV 
Most Profitable (n = 33) CAN>LR 
Priority Review (n = 40) JLC>NRABMSV 
NOC/c (n = 16) L>NJ 
PR-NOC/c (n = 6) LJM 


180 Patently Innovative 


5.3.3 Limitations 


Patenting over time for the cohort and most of the sub-groups studied 
followed a general bell-shaped pattern over time expressed per calendar 
year in absolute terms (Figure 5.2(a)), year after first patent instance (Figure 
5.2(b)), or following normalization for maximal values (Figure 5.8(a)). As 
described in detail in Figure 5.3, the distribution was not Gaussian in 
nature (single or double). The distribution of patenting skewed strongly to 
the left, with a slow gradual phase of patenting activity from 1977 to about 
1993, followed by a larger and potentially faster component of patenting. 
As illustrated by the two procedures shown in Figures 5.4(a) and 5.4(b), 
these phases were well fit to the sum of two single exponential functions 
with a break point around 1993, the year the NOC Regulations came into 
force. That two exponential processes were identified using two different 
methods strongly suggests that firm patenting activities have been 
significantly affected by the coming into force of the linkage regulations. 

A significant limitation of the analysis described in the preceding 
paragraph is that the descending phase of the bell curve could be an artefact 
of analyzing an ongoing process. This would be consistent with the 
observation that the rate (although not the amplitude) of the second phase 
of patenting after 1993 was slower than the first phase under certain 
conditions (e.g. broadening the second epoch from 1993-2001 to 1993- 
2003). There are reasons, however, to speculate that a true descending 
phase may prevail with a longer observation period. First, patenting activity 
on the cohort and sub-groups may reflect a process that is ongoing, but at 
a reduced rate. This is consistent with the differences in the average date of 
patenting for drugs already deemed ‘most profitable’ by the marketplace 
(1999) compared to drugs which have been more recently approved via 
either the NOC/c or PR-NOC/c expedited review stream (2001). The 
observations that the listing of patents on the patent register declines after 
peaking (Figure 5.2(a)) and peak patenting per drug over time has declined 
considerably in the last two decades (Figures 5.5 and 5.10) may also be 
supportive evidence for this conclusion. 

Further evidence for a legitimate declining phase is provided by 
amendments made to the NOC Regulations. Two sets of changes were 
made to the linkage regulations between 2004 and 2007 that may have 
hastened both existing office actions at the PTO and patent listing. As 
noted above, under the provisions of domestic linkage regulations, each 
patent listed on the patent register must be demonstrated in litigation to be 
invalid or not infringed for generic market entry. Prior to amendments in 
2006,~? any patent listed on the register had to be successfully overcome in 
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litigation. Up to this time, it was possible to list a patent on the register 
shortly before an NOC was granted to a generic firm or shortly after a 
generic firm had ‘won’ on all contested patents to date (i.e. successfully 
demonstrated that all patents listed were either invalid or not infringed). 
However, as recognized earlier by the US Federal Trade Commission in its 
investigation of evergreening under Hatch-Waxman,™ practices such as 
these result in abuse of the automatic stay provision. Following the 2006 
amendments, generic firms are only obliged to litigate patents listed before 
its Notice of Allegation is filed. As such, only patents listed before litigation 
is initiated can be used by brand-name firms to trigger the automatic 
injunction. The second amendment was in relation to the relevance 
requirement. As discussed above, early appellate jurisprudence rejected a 
strict relevance requirement, opting instead for a reading such that patents 
need only be relevant to a medicine rather than the drug form specifically 
approved by regulators.” However, this was altered in 2006 when 
amendments were made such that listed patents were required to contain at 
least one specific claim to the medical ingredient, formulation, dosage form, 
or use for which approval was granted.”° 

The importance of these amendments to the present work is a potential 
escalating effect on the rate of patenting and patent listing in between at 
least 2004 and 2007, as firms were first consulted by government during 
the RIAS phase and then later involved in accelerated listing and litigation 
activities in anticipation of these two loopholes closing. At some point, 
however, patenting and patent listing would eventually decline back to a 
certain equilibrium as the deadline for listing would be fixed to the date of 
generic Notice of Allegation as well as the date on which all patents on the 
register were shown in litigation to be either invalid or not infringed by the 
generic product. At this point we would expect to see a descending portion 
of a bell-shaped distribution, however skewed at its earlier stages. 
However, it is not yet clear that this point has been reached in the present 
analysis. 

A second limitation of the analysis was that the PR-NOC/c results 
described in Figures 5.7-5.12 were strongly influenced by patenting and 
patent listing data associated with just one drug, celecoxib.”’ Including data 
for this drug in the PR-NOC/c group had the effect of increasing total 
patenting per year and cumulative patenting to the level of the NOC/c 
group (Figures 5.7(a) and 5.7(b)) and shifting cumulative patenting (Figure 
5.8(b)) and patent listing (Figure 5.8(c)) to the left compared to the NOC/c 
group. As illustrated by the raw data in Figure 5.13, when the results for 
celecoxib are subtracted, there is a progressive trend downward and to the 
right for peak, cumulative, and normalized patenting and patent listing 


182 Patently Innovative 


(a) (b) 


s $ 


Patents (No.) 
Patents (No.) 


1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 
YEAR YEAR 


(c) 


„à 


Patents (No.) 
= 


1980 1885 1980 1995 2000 2005 2010 
YEAR 
Figure 5.13 Comparison of drug patenting, cumulative patenting, and cumulative 
patent listing for the cohort, Most Profitable, Priority Review, NOC/c, and PR-NOC/c 
groups in the absence of data for celecoxib. 
Raw data are shown for (a) patents per calendar year, (b) cumulative patenting activity, and 
(c) cumulative patent listing for the cohort (m), Most Profitable (A), Priority Review (V), 


NOC/c (#), and PR-NOC/c (@) groups after subtracting PR-NOC/c data for the selective 
COX-2 inhibitor celecoxib (Celebrex™). 


with a clear and distinct rank order of cohort>Most Profitable>Priority 
Review>NOC/c>PR-NOC/c. While this renders the visual representation 
and separation of the data visually cleaner, we nevertheless felt it was 
appropriate to include all data for the PR-NOC/c group. The rationale for 
this strategy was that celecoxib is an excellent example of the type of drug 
regulators hope to see going through expedited review and onto Most 
Profitable status. 


5.4 Discussion 


Our analysis of drug approvals, drug patenting, and patent listing under 
linkage regulations yields a number of important observations. First, the data 
demonstrate that both the patent and linkage regulation regimes are heavily 
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used by pharmaceutical firms. Data on the cohort of 95 drugs indicate that 
for every drug marketed there were at least 40 patents per drug and of these 
about 5% were listed on the patent register in order to prevent generic entry. 
While 5% may seem a small fraction for listing, strategic placement of a very 
small number of patents on the patent register over time has been shown to 
effectively double the period of patent protection on blockbuster drugs, from 
an average term of 22 years to a term of 43 years.?S Moreover, comparison 
of the data in Chapters 4 and 5 reveal that that as the profitability of drugs 
goes up, so too does the fraction of listed patents. 

Second, the data show increasing use of linkage regulations over time. 
When analyzed in relation to drug approval data, the results suggest that 
intellectual property protection via linkage regulations may in fact be a 
better proxy for innovation by firms than drug patenting per se. Combined, 
the patent and linkage regulation regimes provide a substantial legal fence 
to protect high-value pharmaceuticals. Indeed, over the last three decades, 
firms have engaged in progressively faster drug approval, patenting, and 
patent listing in order to broaden the area fenced in by these mechanisms. 

Third, the array of patent classifications supporting this endeavour is 
substantial, encompassing a broad range of chemical, use, process, 
combination, and delivery patents. A total of 5.859 patent classifications 
were observed in a total of 95 drugs, amounting to 62 patent classifications 
per drug. These patents can in turn be used to support both a broad array 
of ‘new’ and ‘follow-on’ drug approvals and for patent listing purposes in 
order to prevent generic entry on already approved drugs. 

Fourth, patents identified in this study are directed to a broad scope of 
therapeutic classes, with particular concentrations in the areas of unmet 
medical need preferred by drug regulators. 

Fifth, while patent protection under the linkage regime is specific to a 
particular submission, the data suggest that firms are well poised to leverage 
loopholes in the operation of the regulations supporting a paradoxical drug 
approval-drug patenting linkage. 

Finally, data on PR-NOC/c and NOC/c approvals indicate that the 
linkage regime represents a highly flexible tool in the hands of sophisticated 
firms. Combined with relatively low evidentiary thresholds for certain types 
of new and follow-on drug approvals, the speed of patent listing and 
relatively low relevance requirement for listing enable pharmaceutical firms 
to rapidly identify attractive drug targets for legal protection, even during 
the regulatory approval stage. 

Together, the results show that the existing drug approval system, 
traditional patent law, and the emerging linkage regime operate in an 
interdependent and iterative manner to provide a strong mechanism for 
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pharmaceutical firms to efficiently identify attractive drug candidates for 
intellectual property rights protection at all stages of development, including 
drugs about to come off patent protection, drugs moving through the 
regulatory approval stage, and drugs that are currently in development. 


5.4.1 Drug patenting 


The data demonstrate that the patent regime is heavily utilized by 
pharmaceutical firms in order to legally protect attractive drug candidates. 
This includes drugs that already have strong market value (Most Profitable) 
as well as drugs that underwent some form of expedited approval in the 
hopes they would be so (Priority Review, NOC/c, PR-NOC/c). As illustrated 
in Figure 5.2(a), the average drug in the cohort was associated with a very 
large number of patents (3,850), corresponding to a patent per drug ratio 
of 40 : 1. These patents were issued over a substantial term of close to 35 
years, with the most rapid patenting occurring over a comparatively short 
time frame (1997-2004; Figure 5.2(a)). Averaged patenting activity 
exhibited a significant plateau over an eight-year period after the year of 
first instance (Figure 5.2(b)). During this time, peak patenting was 
maintained at an average of about 2.5 patents per drug per year. 

The data in Figures 5.3 and 5.4 strongly suggest there were multiple 
phases of patenting activity. Fits to the data suggest there were at least two 
components, a slower and smaller amplitude component up to 1993 anda 
faster and larger amplitude component following 1993. More specifically, 
the amount of patenting was approximately 2.5 times greater and 2 times 
faster between 1993 and 2001 than patenting patterns from 1977 to 1993. 
The break in patenting activity in 1993 coincides well with the coming into 
force of the domestic linkage regulations regime at this time. As such, the 
data indicate the linkage regime itself has significantly influenced patenting 
activity by pharmaceutical firms. 

A related observation was that overall patenting activity for the cohort 
exhibited a steady decline in the time taken to achieve peak patenting per 
drug over the term 1977-2000 (Figure 5.5). Indeed, there was a threefold 
increase in the speed of peak patenting per drug over the test period. 
Together, the data in Figures 5.2-5.5 suggest that pharmaceutical firms 
have become increasingly efficient at using the patent regime over the last 
three decades. 

Data in Figure 5.6 and Tables 5.4-5.6 illustrate that the cohort was 
associated with a substantial array of patent classifications and WHO drug 
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classifications. There were 5,859 individual patent classifications on the 
cohort. This yielded an average of close to 62 classifications per marketed 
drug. These were distributed widely across functional patent types, with 
particular concentrations for Combination Therapy, Use, and Administration 
patents, and a second large grouping for Chemical and Process patents. As 
already noted, the two main regulatory mechanisms underpinning a 
paradoxical drug approval-drug patent linkage are the wide definition of a 
new active substance (NAS) and the wide scope of uses and chemical 
derivatives permitted under the supplementary new drug submission 
(SNDS) stream. 

As noted earlier, an NAS may include isomers, derivatives, or salts of 
chemical substances already approved for sale or biological substances 
previously approved but differing in molecular structure, nature of the 
source material or even manufacturing process.”? Similarly, an SNDS may 
be filed for changes to a drug that is already marketed by a sponsor, 
including minor changes to dosage, strength, formulation, manufacture, 
labeling, route of administration, or use/indication. Therefore it is 
noteworthy that the three largest patent classes for the cohort were 
combination therapies, uses, and routes of administration. Each of these 
patent classifications lends itself well to follow-on drug development. It 
may also be observed that the patent classification typically thought to 
underwrite breakthrough drug development, Chemical patents, represented 
the smallest fraction of classifications studied. 

The patent classification data reported here demonstrate that the patent 
pool supporting submissions directed either to an NAS or the SNDS 
approval stream is very large indeed. Importantly, these patents can also 
be used to prohibit generic entry on already approved drugs via the patent 
listing provisions. Thus the broad patent classifications observed here can 
be used to (1) support follow-on drug development and (2) prevent 
generic entry on drugs that are already on the market and coming off 
patent. 

Figures 5.6(b)—5.6(d) and related tables show that there was a wide 
range of WHO therapeutic classes represented by the cohort. Nevertheless, 
the majority (81 of 95) of drugs were located in the Antineoplastic/ 
Immunomodulator, Alimentary Tract & Metabolism, Cardiovascular, 
Systemic Antiinfective, and Nervous System classifications. The distribution 
of drugs (Figure 5.6(a)), and patents associated with them (Figure 5.6(c)), 
in the cohort are similar to recent data reported for domestic ethical sales 
by therapeutic class.?? As illustrated by comparison data in Table 5.9, the 
top therapeutic classes by ethical sales were Cardiovascular, 
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Table 5.9 Comparison of therapeutic rankings for ethical sales 
and WHO Classifications 


Rank Therapeutic class Rank | Therapeutic class 
(ethical purchase) (this study) 


1 Cardiovascular 1 Antineoplastic 
2 Anti-Lipidemic 2 Cardiovascular 
3 Psychotherapeutics 3 Nervous System 
4 Gastro-Intestinal 3 Ant-Infectives 
5 Oncology 4 Alimentary 
6 Anti-Arthritics 5 Respiratory 
7: Bronchial 6 Musculo-Skeletal 
8 Analgesics 7 Sensory 
9 Neurological 7 Blood 

10 Anti-Infectives 7 Various 


Psychotherapeutics, Gastro-Intestinal, Oncology, Anti-Arthritics, Bronchial, 
Analgesics, Neurological and Anti-Infectives. Assuming it is reasonable to 
fold lipid-lowering drugs into the Cardiovascular class, psychotropics 
within the Neurological class, and analgesics within the Anti-Arthritic 
class, the top seven therapeutic classes by domestic ethical purchase 
strongly track the top six WHO ATC therapeutic classes observed in this 
study. When developing high-value drugs, pharmaceutical firms are 
therefore ensuring strong representation of drug candidates and associated 
patents in therapeutic classes that are already well established in the 
market. 


5.4.2 Drug approval-drug patenting linkage 


Data reported here show strong and increasing use of linkage regulations 
by pharmaceutical firms in order to restrain generic competition. Listing 
of patents for the cohort on the patent register was generally bell-shaped 
in nature and began shortly after the linkage regulations came into force 
in 1993 (Figure 5.2(a)). The most rapid phase of listing occurred between 
2000 and 2005. The data further demonstrate a strong degree of 
convergence between cumulative patenting and cumulative patent listing 
over time. Indeed, data relating to the temporal lag between drug 
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approval, drug patenting, and patent listing (Figure 5.2(d)) suggest that 
patent listing may be a better proxy for drug development and approval 
than drug patenting per se. As illustrated in previous work,*! while the 
total fraction of patents granted on the cohort listed was relatively small 
(5%), strategic staggering of patent listing over time by pharmaceutical 
firms can more than double the effective period of patent protection for 
high-value drugs. 

We also obtained data potentially relevant to a paradoxical drug 
approval-drug patenting linkage. While firms have available to them two 
avenues for leveraging this type of linkage (new and follow-on submissions), 
data reported here combined with that in our earlier work demonstrate 
that this pathway is being primarily utilized only for follow-on drugs. This 
finding is consistent with the general focus of pharmaceutical firms on 
incremental innovation and technology appropriation and away from 
breakthrough drug development.** That firms may be obtaining the most 
extensive patent protection on drugs with the least innovative value is an 
important observation given the original policy intent in enacting the 
NOC Regulations to balance patent enforcement over new and innovative 
drugs with the timely market entry of generic drugs.*> A related 
observation is that the linkage regime was intended to operate in 
accordance with established principles of patent law and to further the 
societal imperative of encouraging the development of novel medical 
therapies.*4 That private firms may be obtaining extended patent 
protection for weakly inventive products while at the same time generic 
competition is chilled and the public are deprived of reasonably priced 
pharmaceuticals raises the possibility that the quid pro quo of the 
traditional patent bargain is being breached, yielding a result that would 
be at odds with legislative intent. The implication of the empirical data 
described in Chapters 3-5 for the vires of the NOC Regulations?’ is 
discussed in Chapter 6. 


5.4.3 System flexibility and lifecycle-based ‘rights layering’ 


The data in the later half of the study illustrate that, in combination, the 
evidentiary requirements for drug approval, drug patenting under the 
traditional patent system, and drug patenting and listing under the emerging 
linkage regime provide pharmaceutical firms with a large degree of 
flexibility in layering intellectual property rights on high-value drugs in a 
manner that is both absolute and strongly context-specific. 
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Generally, there was a dominant pattern that emerged when patenting 
and patent listing data for the Most Profitable, Priority Review, NOC/c, 
and PR-NOC/c groups were analyzed. Patenting activity expressed per 
calendar year was generally bell-shaped and skewed to the left (Figures 
5.7(a) and 5.8(a)) and cumulative patenting and patent listing data were 
well fit by sigmoidal functions (Figures 5.7(b) and 5.7(c)). The strongest 
patenting activity occurred between 1998 and 2003 (Figure 5.8(b)), while 
the strongest listing activity occurred later, between 2000 and 2005 (Figure 
5.8(c)). The time lag between drug approval and cumulative patent listing 
was much reduced compared to cumulative patenting or patenting activity 
expressed per calendar year (Figures 5.9(a)—(d)). Finally, there was a wide 
distribution of patent classifications for all groups, with a similar W-shaped 
pattern and similar classification peaks (Figure 5.11). This suggests that 
pharmaceutical firms are leveraging a harmonized drug development, 
patenting, and patent listing strategy for all groups studied. 

Despite these similarities, however, there were significant differences 
between groups that are revealing. As illustrated in Figure 5.7, peak 
patenting, cumulative patenting, and cumulative listing were much greater 
for Most Profitable and Priority Review drugs compared to either NOC/c 
or PR-NOC/c drugs. Approximately 80% of all patents and listed patents 
were associated with the Most Profitable and Priority Review groups. Of 
interest, these two groups also displayed the most leftward skewing in the 
distribution of total patenting activity (Figure 5.8) and the earliest onset of 
cumulative patenting (Figure 5.8(b)) and cumulative patent listing (Figure 
5.8(c)) activity. By contrast, patenting activity per year was much more 
symmetrical for both NOC/c and PR-NOC/c groups (Figures 5.8(a) and 
5.13), and cumulative patenting and patent listing was shifted to the right 
in both groups (Figures 5.8(b), 5.8(c), and 5.13), with PR-NOC/c drugs 
beingshiftedfarthesttothe right. The general order of Most Profitable>Priority 
Review>NOC/c>PR-NOC/c was repeated when differences in peak 
patenting per drug over time were assessed. As one moved progressively 
through this spectrum, peak patenting occurred in progressively fewer years 
after the date of patent first instance and this peak was progressively lower 
in number (Figure 5.10). That the Most Profitable group would have the 
greatest patenting, patent listing, and patent classification values is not 
surprising given that this group of drugs has already been identified by the 
market as highly profitable. This is corroborated by the fact that this group 
had the earliest average patent priority date (Table 5.3) and cumulative 
patenting and patent listing activity. 

Differences in the data are consistent with the observation that one 
group (Most Profitable) has already reached ‘high-value’ status, while the 
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remaining three (Priority Review, NOC/c, PR-NOC/c) were more recently 
approved in the hopes they would follow suit. Thus it is not surprising that 
the Most Profitable group had the strongest and earliest patenting and 
patent listing trends (Figures 5.7 and 5.8). Of interest, there was a five-year 
gap between the mid-point of normalized patenting for the four sub-groups 
studied (Figure 5.8(a)) which declined to only two years for cumulative 
patent listing (Figure 5.8(b)). This corresponded to the observation that the 
lag between approval and patenting and patent listing was tightest for 
NOC/c and PR-NOC/c approvals compared to Most Profitable, with 
Priority Review in between (Figure 5.9). Combined, the data demonstrate 
a strong degree of responsiveness by both regulators and firms to regulatory 
signals suggesting a drug candidate may be a high-value drug. 

A second major contributing factor for differences between the Priority 
Review, NOC/c, and PR-NOC/c groups is the issue of post-market 
evidentiary requirements. For instance, we observed stronger and earlier 
patenting and patent listing for Priority Review compared to NOC/c and 
PR-NOC/c groups (Figures 5.7 and 5.8). It may be recalled that Priority 
Review represents a pathway for expedited review with no change in pre- 
market evidentiary requirements whereas NOC/c and PR-NOC/c approvals 
entail significant post-market safety and efficacy reporting requirements. 
While the Priority review group had about three times the patenting activity 
and patent listing than either NOC/c group (Figure 5.7), it is noteworthy 
that the speed of patenting and, particularly, patent listing were very similar 
in the three groups (Figure 5.8), indicating that firms can make up lost 
ground when regulatory signals favoring drug approval arise. 

Considerations such as these also likely inform data pertaining to 
differences in peak patenting per drug when expressed as year after first 
instance (Figure 5.10). The largest peak (~100 patents per drug, peaking 20 
years after first instance) was observed for the Most Profitable group, 
which corresponded to data for patenting activity over time (Figure 5.7). 
This was followed by Priority Review (~75 patents per drug, peaking 
17 years after first instance), NOC/c (~40 patents per drug, peaking ten 
years after first instance), and then PR-NOC (~25 patents per drug, peaking 
8-9 years after first instance) groups. The fact that peak patenting for the 
Most Profitable group was earliest for patenting activity compared to all 
other groups analyzed and latest for peak patenting per drug is likely 
explained by the lack of regulatory lag for approval and post-market 
obligations and the accrual of an established market for Most Profitable 
drugs. On this basis, it is not surprising that the Priority Review group had 
the next fastest patenting per group cycle and that the two NOC/c groups 
had the fastest patenting cycles. Priority Review involves no additional 
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post-market evidentiary obligations whereas NOC/c approvals do and 
therefore the market has time to solidify earlier. Thus the diminished and 
faster NOC/c and PR-NOC<Kc patenting per drug data simply reflect the 
ongoing nature of approval and patenting for these groups. 

One of the most significant observations of the data in this chapter is 
that the results demonstrate empirically that firms are able to identify 
attractive drug candidates early in the approval process for intellectual 
property rights layering. At this point, firms begin the process of increasing 
the number of patent applications and granted patents, layering these 
patents on drugs going through the approval process (and, one assumes, 
numerous related drugs that are already approved and linked through 
product clusters), preparing to list patents on the patent register in a 
strategic manner, as well as ensuring patents are obtained that have broad 
classifications in order to to expand the boundary of legal protection 
afforded by the patent and linkage regulation regimes. This, in turn, allows 
firms to fill coffers with candidates for later NDS and SNDS submissions. 

It is worth pointing out that the linkage regime in particular, operating 
in combination with the existing drug regulatory regime, has proven to be 
a highly flexible tool in the hands of sophisticated pharmaceutical firms. 
The combination of the speed of patent listing compared with patenting 
and the relatively low relevance requirement for listing has enabled 
pharmaceutical firms to rapidly identify attractive drug targets for legal 
protection even during the regulatory approval stage. This goal is supported 
by the large number of patents and patent classifications observed here and 
the wide berth in regulatory requirements for approval of NAS and SNDS 
drugs. 

The group that best exemplifies the flexibility of the drug approval-drug 
patenting linkage is the combined PR-NOC/c group. This category 
represents perhaps the best bet of pharmaceutical sponsors in the high-risk 
stakes of drug development. It offers the most favorable balance of 
expedited review with minimally intrusive post-marketing obligations for 
therapeutic niches with known demand. Composed of the smallest number 
of drugs in the cohort, the characteristics of this group differed substantially 
for almost all metrics studied when the data were normalized. For example, 
while the PR-NOC/c group had by far the lowest number of drugs (n = 6) 
with the lowest number of patents (n = 379), listed patents (n = 11), and 
patent classifications (n = 502), when averaged out for the number of drugs 
per group each of these metrics was the highest, or next to the highest, 
among the groups. PR-NOC/c drugs had an average of 63 patents per drug 
(Table 5.3), 2% of which were listed on the patent register. The average 
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number of patents was 56% greater than the next highest group, represented 
by Most Profitable drugs. 

While 2% listed patents is lower than listing percentages for the other 
groups (Most Profitable, 5.96%; Priority Review, 4.34%; NOC/c, 5.94%), 
it is noteworthy that the average patent date for PR-NOC/c drugs was 
almost two years later than that for the cohort or Most Profitable groups 
(Table 5.3). As such, both conventional patent protection and linkage 
regulation protection would be extended by three to five years compared to 
other groups studied. An extra period of patent protection of this nature is 
not inconsiderable, as is now recognized in the context of both brand-name 
and generic first-mover status. The PR-NOC/c group also had the smallest 
drug approval to patenting/patent listing lag differential (Figure 5.9), with 
both 50% and 100" percentile patent listing occurring prior to the average 
date of drug approval. Therefore, the regulatory lag for PR-NOC/c drugs 
would be reduced correspondingly. Finally, PR-NOC/c drugs had 83.7 
patent classifications per drug (Figure 5.11; Tables 5.4 and 5.5). 
Notwithstanding the smaller range of WHO ATC classifications compared 
to other groups (Figure 5.12), this would open a large patent pool to 
underpin future patent listing efforts to delay generic competition via 
linkage regulations as well as to support future follow-on drug development 
via the conventional patent system. The closest group in each of these 
metrics was the NOC/c group, which represents the group with the least 
amount of pre-market evidentiary requirements in exchange for expedited 
review compared to the PR-NOC/c group. 

As illustrated in Figure 5.12, there were also differences in the profiles of 
WHO therapeutic classes between groups. Of particular interest is the 
observation that the requirements for (1) effective treatment, prevention, or 
diagnosis of a disease, (2) evidence of a significant increase in safety and 
efficacy or decrease in risk such that the overall risk-benefit profile is 
improved, and (3) examples offered by regulators of what constitutes a 
serious or life-threatening disease and a severely debilitating disease for 
NOC/c** and Priority Review?” approvals appear to be very similar, despite 
substantial differences in therapeutic classification data for these groups 
(Figure 5.12). Data for Priority Review were well distributed throughout all 
10 ATC classes with concentrations in the groups discussed above. By 
contrast, the distribution of classes for both the NOC/c and PR-NOC/c 
were highly curtailed and narrowly distributed among Antineoplastic and 
Immunomodulatory, Systemic Antiinfective, Nervous System and Musculo- 
Skeletal classifications. While one might assume that Most Profitable drugs 
differ from Priority Review and NOC/c groups due to the possibility that 
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the most profitable and/or innovative drug development may occur outside 
of regulatory preferences or unmet medical need, there is no clear 
explanation for the observed differences between NOC/c and Priority 
Review groups at present. A partial explanation may be that trends for the 
two groups have reversed over the last decade, with a crossover point about 
2005.38 


5.4.4 Implications for global drug development and regulation 


As pointed out in Chapter 4, while our study was based on domestic 
Canadian data, we argue that the results are significant within the global 
context of drug regulatory reform and innovation policy. First, almost all 
major pharmaceutical companies are headquartered in either the United 
States or the European Union.*? Products in smaller markets such as 
Canada therefore reflect therapeutic product development and intellectual 
property strategies of multinational firms rather than domestic firms. 
Secondly, efforts have been underway for some time to harmonize the goals 
and mechanisms of drug regulation globally. Over the last decade, regulators 
in Canada have harmonized their regulatory approval requirements to 
parallel those of the American Food and Drug Administration (FDA) and 
its European counterpart (EMEA), a trend that will only gain traction as 
jurisdictions embrace the principles of lifecycle-based regulation.*? Third, 
global systems of translational research and national science and technology 
policy are closely integrated and likewise mirror one another, in large part 
due to the success of the US biotechnology enterprise.*! Fourth, while the 
‘product cluster’ model of drug development is becoming increasingly 
entrenched globally over time, nations with pharmaceutical linkage regimes 
appear to present multinational pharmaceutical firms with the ‘path of least 
resistance’ to product-patent clusters. Fifth, qualitative trends in approval 
of new and follow-on drugs track one another fairly closely in most major 
jurisdictions, and the drug patents that we analyzed represent high-value 
drugs not only in Canada, but also in US and EU markets. Given that the 
already small number of multinational pharmaceutical corporations 
responsible for global drug innovation are doing so increasingly in 
partnership with drug regulators, it is reasonable to speculate that drug 
development and regulation is steadily converging upon a risk management 
philosophy whereby critical benefit-risk calculations for product 
development are made based on legal incentives provided for by 
regulators.*3 
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Our findings do not indicate abnormal behavior by pharmaceutical 
companies. Rather, the data lend themselves to the conclusions that the 
pharmaceutical industry has engaged in very effective intellectual property 
lobbying over the last two decades and that these lobbying efforts have 
increasingly informed the drug development strategies of multinational 
pharmaceutical companies. As acknowledged by the Supreme Court of 
Canada, it is perfectly acceptable that pharmaceutical firms avail themselves 
of loopholes that allow product evergreening after the original patent has 
expired under conditions where the government has made, and continues 
to make, such loopholes available.*4 


5.5 Summary and conclusions 


The study reviewed in this chapter was designed to empirically investigate 
two related phenomena within the context of emerging linkage regime 
models of intellectual property protection. The first was to probe the 
linkage between drug approval and patent listing for high-value 
pharmaceuticals. While the patent regime has for decades been claimed by 
both pharmaceutical firms and regulators to be integral for innovative drug 
development, the role of drug approval-drug patenting linkage in this 
process is unclear. Indeed, a growing cache of empirical studies of the 
patenting behavior of large pharmaceutical firms suggests that these firms 
have become highly adept at leveraging legal and regulatory opportunities 
offered to them favoring low-risk high-reward drug products. Empirical 
evidence relating to drug approval-drug patenting linkage would therefore 
be valuable at a time when jurisdictions other than the US and Canada are 
contemplating bringing into force similar provisions. A second consideration 
was to address how certain characteristics of the existing regulatory 
approval scheme, such as the relatively low threshold for NAS status and 
approval via the SNDS stream and provisions relating to expedited approval 
for drugs, might be linked to firm patenting and patent listing patterns. 
Accordingly, we investigated patent and therapeutic classes preferred by 
firms in their efforts to support new and follow-on drug development. Of 
particular interest was to obtain objective data relating to the possibility 
that firms might be leveraging loopholes in the regulatory and legislative 
structure underpinning the linkage regime in favor of a paradoxical drug 
approval-drug patenting linkage, that is whether firms may be obtaining 
the greatest intellectual property protection for products with the least 
innovative value and smallest development costs. 
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Our analysis of drug approvals, drug patenting, and patent listing under 
the domestic linkage regulation regime demonstrates strong, increasing, and 
faster utilization of both traditional patent law and emerging linkage 
regulation regimes by pharmaceutical firms. There were a large number of 
patents, patent classifications, and therapeutic classes for every drug 
studied. Moreover, firms are listing a significant number of these patents in 
order to delay generic entry. The results also demonstrate that pharmaceutical 
companies are becoming increasingly efficient at both patenting and patent 
listing over time. Indeed, results such as those presented here suggest that 
the legal protection afforded by the combination of traditional patent law 
and novel linkage regulations creates an unprecedented legal mechanism 
that simultaneously protects existing high-value drug products from generic 
competition and allows for further follow-on drug development. 

As discussed here and elsewhere,* there is a wide berth for the definition 
of a new active substance (NAS) under domestic food and drug law and the 
type of chemicals and uses allowed under the supplemental, or SNDS, drug 
approval stream. The definition of an NAS is important as it determines 
whether a drug will be classified as a ‘first-in-class’ or ‘me-too’ drug, with 
correlated market price differentials and regulatory preferences. Similarly, 
the specific combination of chemical structure and use dictates whether a 
drug is approved via either the ‘new’ or ‘follow-on’ NDS or SNDS approval 
streams. Of relevance to the present study, a broad range of patent 
classifications would support a range of high-reward low-risk product 
development strategies relating to both new and follow-on drug 
development. 

Not surprisingly, the functional scope of patent classifications identified 
in this work was substantial, and encompassed a wide range of chemical, 
use, combination, process, and administration/delivery patents. Similarly, 
both patents and drugs in the cohort studied were directed to an equally 
broad scope of therapeutic classes, with particular concentrations in the 
areas of unmet medical need preferred by drug regulators and the 
marketplace. Combined, the broad scope of patent type and therapeutic 
classifications observed here have the potential to support a vast array of 
new and follow-on drugs, including those meeting the requirements of first- 
in-class drugs approved in the less onerous follow-on SNDS approval 
stream. 

Finally, the evidence reported here suggests that the linkage regime 
provides a highly flexible tool in the hands of sophisticated pharmaceutical 
firms. The number and array of patent types, the speed of patent listing, the 
automatic injunction, and the low relevance requirement for listing 
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combined with low evidentiary requirements for new (NAS) and follow-on 
(SNDS) drug development enable pharmaceutical firms to rapidly identify 
attractive drug targets for legal protection both during and after regulatory 
approval. This property of the linkage regulation regime is demonstrated 
most effectively by the unique patenting, patent listing, and patent 
classification of drugs receiving the PR-NOC/c designation. Similar trends 
were observed with NOC/c and Priority Review groups, but to a lesser 
extent. 

Together, the results described thus far show that the combination of 
conventional patent law, emerging linkage regulation regime and existing 
drug approval framework provide aninvaluable mechanism for multinational 
pharmaceutical firms to efficiently and effectively identify attractive new 
and follow-on drug candidates for market exclusivity. The linkage 
regulation regime in particular has proven to be an excellent vehicle for 
firms to obtain extended legal protection on drugs at all stages of 
development, including drugs about to come off patent protection, drugs 
moving through the regulatory approval stage, and drugs that are currently 
in development. 
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Implications of empirical data: are 
pharmaceutical linkage regulations 
a success?* 


Abstract: Canada’s linkage regime for pharmaceuticals was brought in under 
intense political pressure specifically to balance effective patent enforcement 
over new and innovative drugs with the timely market entry of lower priced 
generic competitors. It has been almost two decades since the regulations 
were enacted and to date there has been little objective assessment as to 
whether the regulations have, in fact, stimulated innovation and timely 
generic entry. This chapter discusses the implications of the empirical data 
reviewed in Chapters 3-5 for the legal legitimacy of pharmaceutical linkage 
given the purpose and intent of this legislation noted above. To this end, the 
original policy intent of the linkage regime in Canada, that in the US, the 
‘patent-specific’ analysis for linkage cases promulgated by the Supreme Court 
of Canada in its cases on linkage, and relevant principles of statutory 
interpretation are reviewed. 


Keywords: pharmaceutical linkage, patent law, empirical analysis, public 
health policy, patent-specific analysis, statutory interpretation 


The purpose of the present chapter is to probe the issue of whether the 
Canadian domestic linkage regime, typical of other global linkage regimes, 
is a success when gauged against its specific policy underpinnings. A second 
goal is to investigate the possibility that empirical evidence demonstrating 
that legislation may not be achieving its desired goal can support the 
conclusion that the legislation is invalid or in need of substantial amendment 
in order for it to remain intra vires. To achieve these objectives it is 
necessary to explore the original policy intent of the legislation in order to 
provide a legal benchmark against which to judge the operation of law. 


* This chapter is based upon material in R.A. Bouchard, ‘I’m Still Your Baby: Canada’s 
Continuing Support of U.S. Linkage Regulations for Pharmaceuticals,’ Marquette Intellectual 
Property Law Review 15(1): 79-146 (2011). 
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It is also necessary to canvass Supreme Court of Canada jurisprudence 
on pharmaceutical linkage to probe whether the court has laid out one 
or more first principles for interpretation of pharmaceutical linkage 
against the broader backdrop of patent law. Finally, it is important to 
determine whether there are aspects of statutory interpretation that 
illuminate an investigation into whether the NOC Regulations are 
meeting the stated goals of stimulating the development of new and 
innovative drugs and facilitating timely entry of generic drugs, and the 
degree to which this question may be properly assessed from a purposive 
legal perspective. 


6.1 Introduction 


One of the major promises made by the US pharmaceutical industry in the 
lead-up to both Bill C-22 and Bill C-91,' supported by domestic universities, 
was to inject billions of dollars into domestic research and development 
activities. This investment was specifically targeted towards the production 
of innovative therapeutic products. The Minister of Industry, Science and 
Technology, Michael Wilson, along with the Minister of Consumer and 
Corporate Affairs, Michael Blais, both equated intellectual property rights 
with pharmaceutical innovation and hailed the new regime as the beginnings 
of a new, more innovative nation.2 Mr Wilson went further, declaring that 
the injection of millions of dollars into domestic research and development 
would enable Canada to transition into ‘a world-class pharmaceutical 
industry ...’> Claims of this nature were made at the same time as the 
government was receiving evidence to the effect that amendments to its 
domestic patent laws would chill generic competition and cost Canadian 
consumers between CN $4 and $7 billion over a 15-year period,* and that 
the CN $500 million in research and development investment by 
multinational firms was actually composed in large part of substantial tax 
incentives ranging from 50% to 70%, depending on the province.° 
Experience since the time when pharmaceutical linkage came into force 
in both the United States and Canada has shown that the legal definitions 
of ‘research’ and ‘development’ costs are highly controversial,® with 
industry critics claiming that marketing, advertising, opportunity, and other 
related costs are in fact driving this line item.” There is ample evidence 
demonstrating that the pharmaceutical industry will take whatever steps 
necessary to protect what it sees as confidential information relating to 
research and development expenditures,’ even when the US Government 
Accountability Office (GAO) is doing the asking.’ In light of uncertainties 
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as to how much financial support foreign firms have, in fact, provided to 
domestic research and development activities, the remaining discussion 
focuses on the data we do have in hand, that is whether drugs approved 
following enactment of the NOC Regulations constitute new or follow-on 
drugs and the degree to which the legal link between drug approval and 
drug patenting under the NOC Regulations has provided for extended 
intellectual property protection that would not have occurred ‘but for’ the 
operation of the linkage regime. 

The remaining sections of the chapter provide a brief historical overview 
of portions of the debate leading up to the enactment of the linkage regime, 
discussion of the original policy intent underpinning the regulations 
according to the federal government, a review of selected Supreme Court of 
Canada jurisprudence and principles of statutory interpretation that may 
be instructive when interpreting the broad purpose of the linkage regime, 
and, finally, a reinterpretation of the empirical data in Chapters 3-5 based 
on the above material. The goal of this chapter is to assess, in an evidence- 
based manner, the performance of the linkage regime in light of the 
empirical data reported above and the stated policy goals underpinning the 
NOC Regulations to stimulate the development of new and innovative 
drugs and facilitate timely market entry of generic drugs. 


6.2 Debate preceding Bill C-91 


As well described in the literature and case law, compulsory licensing of 
pharmaceuticals was introduced in Canada in 1923 and expanded yet again 
in 1969 to control increasing drug costs. In 1987, amendments to the 
Patent Act in the form of Bill C-22 limited compulsory licensing and created 
the Patented Medicine Prices Review Board (PMPRB) to ensure that the 
prices of patented pharmaceuticals were not excessive. The second, and 
more major, round of reforms came in 1993, at which time Bill C-91!° 
eliminated compulsory licensing, harmonized patent protection of 
pharmaceuticals in Canada with other developed nations, and enacted the 
Patented Medicines (Notice of Compliance) Regulations. Not surprisingly, 
many of the issues subject to intense criticism and judicial review since then 
were also raised in the limited period of examination of Bill C-91, during 
the end of the 34th Session of Parliament in December 1992. These issues 
include: the impact of the bill on drug costs, domestic research and 
development investments, patent terms, job creation, and the trickle-down 
effects of increased public health costs. However, with one major exception, 
the debate was characterized by a significant lack of foresight about the 
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extent to which the reforms would impact patent protection for 
pharmaceuticals and the regulatory mechanisms through which this change 
would be effected. 

One of the primary points of contention in the Bill C-91 debate was 
investment of money by foreign multinationals into domestic research and 
development activities and the translation of this support into new and 
innovative products. The Minister of Industry, Science and Technology, the 
Minister of Consumer and Corporate Affairs, and almost all of the major 
provincial universities equated increased intellectual property protection 
with increased research, increased innovation, and increased national 
productivity."' In particular, extended patent rights were seen as the 
gateway to enhanced production of new and innovative technologies that 
could compete globally. Support of expanded patent protection by industry 
and government sectors is well known. Less known, however, was the role 
of the Canadian university system in this process. University advocates, 
including those with clear conflicts of interest, claimed that industry profits 
resulting from enhanced patent protection would create a better society for 
Canadians." It was simply assumed by university advocates that increased 
intellectual property protection was positively related to increased innovation 
as well as increased therapeutic benefit to the public. 

This sentiment was not unanimous among Legislative Committee 
members or witnesses appearing before the Committee. In particular, the 
Committee heard evidence from at least two major reports to the contrary 
that bear further scrutiny. A 1981 OECD study! noted that when 
governments with historically low levels of pharmaceutical research and 
development try to stimulate it through policy levers such as patent rights 
the results have been disappointing. The Eastman Commission" similarly 
noted that Canada lacks the fundamental resources to be a global force in 
pharmaceutical research and development. The Commission went further, 
stating that providing multinational firms with enhanced domestic patent 
rights would not increase domestic innovation, given long established 
research and development centers elsewhere.!5 As argued by one Committee 
member,!® conclusions such as those of Eastman and the OECD were 
consistent with data from a federal study showing Bill C-22 had minimal 
impact on university research and development activity. Nevertheless, the 
Minister of Consumer and Corporate Affairs, Harvie André, in the lead up 
to Bill C-22, and Michael Wilson, the Minister of Industry, Science and 
Technology at the time Bill C-91 was debated, continued to assert that 
increased patent rights would enable Canada to innovate on a ‘world scale’ 
and to develop a ‘world-class pharmaceutical industry ...’!” 
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A point that resonates particularly well with the data reported in Chapter 
3 was also raised by the Canadian Association of Consumers (CAC). The 
CAC expressed concern that patent reforms providing greater protection 
for me-too and line extension drugs would come at the cost of truly 
innovative drugs and innovative health research generally. Citing the 
Eastman report, the CAC noted that patent rights are not inalienable and 
are granted by governments cautiously with the specific purpose of 
stimulating an ‘appropriate amount of innovation.’!® However, the issue of 
including definitions of the desired level of innovation resulting from 
increased patent rights or even evidence-based output metrics for research 
and development investments was not taken up by many in the debate 
despite repeated calls for such outcomes by some participants in the 
hearings.!? 

Insightful comments were also made by the CAC on the potential 
ramifications of extended patent protection for the development of new 
and innovative drugs.?° Milton Friedman was cited to the effect that patent 
monopolies too often provide strong incentives to shift research and 
development towards products like me-too drugs where patents are more 
easily granted, the key observation being that, as with patents granted by 
the Patent and Trademark Office,”! drug regulators are in the routine and 
predictable habit of granting approvals on products with low innovative 
value. As used here, the phrase ‘low innovative value’ refers to follow-on 
drugs that have little or no therapeutic benefit over existing marketed 
drugs. 

Indeed, the Committee heard evidence from an Industry, Science and 
Technology study?? that indicated that 80% of clinical practitioners 
deemed domestic research and development to be in the service of me-too 
drugs. This observation accords with our data that nearly 60% of all 
drugs approved by Canadian regulators between 2001 and 2008 were 
me-too drugs.” It is also consistent with statements made by the Medical 
Directors at Pfizer and Squibb that as much as 75% of scientific research 
had been channeled into ‘copycat drugs and unimportant combinations.’** 
Even Dr Eastman, while providing testimony before the Committee as 
Chair of the PMPRB, acknowledged that there is little therapeutic benefit 
to be gained from me-too and, particularly, line extension drugs.?> This 
statement accords with the results of later studies conducted in Canada, 
France, and the United States,° including those in Chapters 3-5. Finally, 
the Committee heard testimony about the ‘natural experiment’ in Italy, 
where de novo institution of patent protections that were harmonious 
with those in the United States actually reduced national innovation and 
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drove up the cost of drugs.?” While we acknowledge room for debate in 
the interpretation of these studies, it is nevertheless clear that at the time 
the linkage regime came into force, there was significant evidence to 
suggest that increased patent rights would lead to neither enhanced 
innovation nor timely generic entry. 

In retrospect, perhaps the most remarkable aspect of the debate leading 
up to the passage of Bill C-91 was that Section 4 of the Patent Act 
Amendment Act containing the linkage regulations was hardly debated at 
all, let alone noticed by most participants at the hearings. The original goal 
of the amendments was to allay concerns by brand-name drug manufacturers 
that generic firms might use the provisions of the legislation allowing 
generics to seek regulatory approval without being subject to infringement 
(the so-called ‘early working’ exception) to sell these products before the 
patent expired. 

Misunderstandings of the purpose, procedures, and even existence of the 
linkage regulations were widespread. For example, the Committee heard 
testimony that only 16 drugs would be affected by the regulations.?® Several 
policy-makers called as witnesses claimed they were not sure even why they 
were called to the proceedings,” stating on a number of occasions? that 
they lacked the qualifications to comment on Bill C-91 even though they 
were responsible for drafting related policy documents based on which 
more senior officials were testifying. Also common was the assertion that 
drugs that would be affected by the legislation were only associated with 
one patent, and thus it was only one patent extension that generics had to 
contend with when waiting for market entry. The most significant comments 
of this nature came from Dr Elizabeth Dickson, Director General, Chemical 
and Bio-Industries Branch, Department of Industry, Science and Technology. 
Dr Dickson testified that, ‘I must explain that when a new medicine comes 
on the market there is a main patent. When that main patent expires, 
anyone may copy that product and bring it to market.’*! 

The general consensus at the hearings, included in testimony from the 
Canadian Health Collation,32 Dr Dickson, and Michael Wilson, Minister 
of Industry, Science and Technology,** was that patent reforms pursuant to 
Bill C-91 would increase market exclusivity for brand-name pharmaceuticals 
by only one to three years. 

The lone voice of dissent was Dr Stephen Schondelmeyer, a US economist 
and pharmacologist who conducted an independent study on the potential 
impact of Bill C-91. It is not surprising an American would bring the most 
experienced voice to the table. Indeed, it is obvious from the language, 
concepts, and even the measurements he employed in his analysis that 
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Dr Schondelmeyer had several years of experience with the US Hatch- 
Waxman linkage regime prior to giving testimony relating to Bill C-91. In 
addition to predictions based on empirical data, the most important 
contribution made to the debate was introducing for the first time a focus 
on cumulative market exclusivity rather than on patent term per se: 


In fact, you may not realize that most pharmaceutical products have 
two, three, or even four patents that protect them, not just one patent. 
They’ll have a patent on the chemical entity itself. There’ll be a patent 
on the dosage form. There’ll be a patent on the use of the product in 
some cases, and sometimes a patent on the process by which the 
pharmaceutical is made. So one can’t analyse [sic] the impact of this 
patent extension simply by looking at the extension of an individual 
patent. What you have to analyse [sic] is the effect of the combination 
of those patents that are extended and how much that extends the total 
market exclusivity of a given pharmaceutical.*° 


Based on his study, Dr Schondelmeyer suggested that, in sharp contrast to 
the three years of market extension alluded to above, 33% of products 
affected by Bill C-91 would have increased market exclusivity by a term of 
ten years or more.*® Moreover, due to increasingly harmful effects on 
innovation, the short-term effects would be far less onerous than the long- 
term effects, with the worst impact on innovation and extended market 
exclusivity being seen about ten years after Bill C-91 came into force.>” As 
discussed in more detail below, this is consistent with the data presented in 
Chapters 3 and 5 showing steadily declining new drug development, 
steadily increasing follow-on innovation, and steadily increasing patent 
protection over the last decade, accompanied by increasing delays for 
generic entry. As noted above, Dr Dickson and Michael Wilson vigorously 
denied the importance of cumulative market exclusivity, maintaining that 
only one patent per drug prevented generic entry and that Bill C-91 would 
only increase exclusivity by a maximum of three years. 

In addition to the strength of the US pharmaceutical lobby,** trade 
harmonization efforts in the context of GATT? and NAFTA,*° pressures 
from Quebec politicians and lobbyists,*! and concerns about incoming 
then-President-Elect Bill Clinton perhaps looking to a system of price 
control for pharmaceuticals not unlike that of the PMPRB,* another 
reason for the patent reforms of Bill C-22 and C-91 was provided by the 
CAC. In its testimony before the Parliamentary Committee on Bill C-91,* 
the group claimed that patent reforms such as those enshrined in Bill C-22 
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and Bill C-91 represented a naive effort by the federal government to 
attract research and development funds in competition with other global 
jurisdictions with more established research and development bases that 
were using their patent systems and tax bases in the same way. The CAC 
claimed that leveraging intellectual property strategy in this manner could 
not reasonably result in positive social welfare outcomes. Rather, the more 
likely result was that reforms of this nature would induce a flow of capital 
to nations who have taxpayers with the deepest pockets.*4 Instead of 
stimulating innovation, or even providing incentives for innovation, the net 
result is capital market protectionism by multinational pharmaceutical 
firms. It is here where the ‘paradoxical drug approval-drug patenting 
linkage’ described in our Northwestern study* is particularly relevant, as 
the evidence we obtained suggests that firms may be strongly targeting their 
drug development efforts towards products with the greatest patent 
protection and the least amount of innovation. 

A related point, which accords well with later developed models of 
policy resistance*® and policy failure*” is the apparent failure of both 
legislators and policy-makers to at least anticipate some of the unintended 
consequences and feedback loops of rapidly pushing through widespread 
patent reforms based on a hitherto unexplored link between the goals and 
objects of industrial patent law with those of food and drug law: 


[A]s one involved in public policy, often the decisions we make quickly 
and without thorough evaluation are decisions that come back to 
haunt us. Most legislation is precipitated by some critical event that has 
occurred. We try to quickly develop legislation that responds to that 
critical event and then often find out after the fact that in addition to 
trying to solve the initial problem we have created a number of 
unintended consequences down the line that we have to go back and 
fix and correct.*8 


6.3 ‘Original policy intent’ 


Often courts are left without clear guidance by government, either before 
or after legislation or regulations come into force. Fortunately, the specific 
policy grounds underpinning the NOC Regulations have been articulated 
by the federal government in numerous government Regulatory Impact 
Analysis Statements (RIASs).*? The Supreme Court of Canada has ruled 
that such documents constitute proper evidence of legislative intent, 
including in the context of litigation under the regulations.*° 
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According to a series of RIAS documents over a period of approximately 
ten years, the ‘original policy intent’ in enacting the linkage regime was to 
balance patent enforcement over new and innovative drugs with the timely 
market entry of generic drugs. The two pillars of the regulations were to 
increase production of new and innovative drugs while getting older drugs 
genericized as quickly as possible. Importantly, the NOC Regulations were 
intended to operate in accordance with the established principles of patent 
law,°! and to further the ‘societal imperative’ of developing new remedies 
to enhance public health.°* The specific linkage between the goals and 
objectives of food and drug law with those of patent law is said to reaffirm 
the ‘stability, predictability and competitiveness of Canada’s pharmaceutical 
patent regime’,°? a link vetted by multinational pharmaceutical firms 
themselves before and after the Canadian linkage regime came into 
force.*4 

In the United States, where pharmaceutical linkage first came into force, 
the purpose of Hatch-Waxman was explicitly to balance the two competing 
policy objectives of inducing brand pharmaceutical firms to make the 
investments necessary to develop new and innovative drug products while 
also enabling competitors to bring cheaper, generic copies of those drugs to 
market as soon as possible.*> As noted by Senator Hatch at the time the 
legislation came into force: ‘The public receives the best of both worlds — 
cheaper drugs today and better drugs tomorrow.’** Therefore, in addition 
to stimulating pioneering drug development, a second major policy goal of 
linkage in the Unites States was to facilitate timely generic entry.*” In its 
report on Hatch-Waxman, the Committee on the Judiciary was explicit as 
to what public policy grounds were involved in achieving the balance of 
these competing policy goals, stating that early generic availability would 
substantially assist in the reduction of health care costs for the poor, the 
under-insured,the elderly, and the government as a purchaser of prescription 
drugs. In addition, and given the regulatory nature of the industry involved, 
early-working allowing a shortening of the delay of generic entry was held 
not to unduly encroach on the patent rights of brand firms and to properly 
enhance competition between brand and generic firms.** 

Hence the goal of linkage in both originating jurisdictions was to 
facilitate timely generic entry while also stimulating the development of 
new and innovative drugs. 

What does it mean for a drug to be ‘new and innovative’? When drafting 
the NOC Regulations, the federal government did not provide specific 
definitions for these terms (in RIAS documents or otherwise), nor did it 
provide a Preamble as one often finds preceding legislation. The implication 
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is that the matter was left for the courts to adjudicate or that the government 
did not, or would not, say one way or the other.°? 

According to the Oxford International Dictionary, the word ‘innovate’ 
evolved from the Latin innovare (1548), to make new. The term focuses on 
bringing forth something completely new, novel, or revolutionary into 
existence. The word ‘new,’ from the Greek véos, Latin novus, and Old 
English néowe, refers to something that did not exist before, something that 
is brought into existence for the first time, is fresh, and not previously 
known. Similarly, the word ‘novel’ (1475), from the French nouveau and 
Latin novellum, refers to something that is fresh, or of recent origin, of a 
new kind or nature that is hitherto unknown. Finally, the word 
‘revolutionary,’ from Old French and late Middle English (1450), refers to 
an instance of great change in a particular thing that is rare, an overthrow 
of the established way of doing things. 

The definition for each of these words is internally consistent and 
contains both qualitative and quantitative aspects that may be relevant to 
interpretation of the NOC Regulations. The former refers to the notion that 
an innovative product (to use the current vernacular) is one that has not 
appeared before its introduction into the marketplace in any meaningful 
manner, while the latter may be taken to imply that the product is not only 
the first of its kind in existence but represents a truly revolutionary product 
rather than an incremental advance over existing products. 

As noted in our Berkeley study,°! while the plain meaning of the terms 
new and innovation are straightforward, published definitions of what 
should constitute an innovative drug range are based largely on industry 
affiliation. At one end, industry supporters argue that a new and innovative 
drug is one that merely contains an NAS,” to the slightly more stringent 
requirements of either being directed to first-in-class therapies (irrespective 
of whether approval is directed to a new or follow-on drug)*® or to follow- 
on drugs that nevertheless undergo priority review.°t However, merely 
containing an NAS is an insufficient basis for designating a drug as 
pioneering or even as strongly innovative. This is because there is ample 
room in either definition for minor changes to previously approved medical 
ingredients, including salts, esters, solvates, polymorphs and enantiomers. 
A similar conclusion applies to drugs that are only directed to first-in-class 
therapies, as these can also be follow-on versions of previously marketed 
products containing slightly modified medical ingredients or directed to 
new uses within a therapeutic class. Similarly, where priority review need 
only be directed to drugs demonstrating moderate clinical improvement 
over existing therapies, it is also an insufficient proxy for strong 
innovation. 
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The most plausible definition is that a truly new and innovative drug is 
one approved via the new drug approval pathway, one that contains an 
NAS, one that undergoes some form of priority review, and one that is 
directed to a first-in-class therapy.®* Only in combination do these 
requirements approach a reasonable definition for a truly breakthrough or 
pioneering technology that would constitute a new and innovative drug, 
such as that contemplated by the NOC Regulations. 

The second policy goal underpinning the regulations is to facilitate the 
timely entry of generic drugs into the marketplace. The definition of ‘timely’ 
(1593), from the Old English adjective timlice, is to appear early, soon, 
quickly, or in good season.®* Thus, when something appears in a timely 
manner it does so at a time that provides the greatest benefit to those for 
whom it appears. Given the public health goal of facilitating generic entry 
for cost-savings purposes (for individual consumers and institutional 
payers), one can reasonably assume the timeliness of generic entry refers to 
the earliest possible date of patent expiry pertaining to a new and innovative 
drug. This is consistent with the fact that the enabling section of the NOC 
Regulations is the infringement section pertaining to the early working 
provision. As noted in the June 17, 2006 RIAS: 


On one end of the balance lies subsection 55.2(1) of the Patent Act, 
better known as the ‘early-working’ exception. In the pharmaceutical 
industry, early-working allows second- and subsequent-entry drug 
manufacturers (typically generic drug companies) to use a patented, 
innovative drug for the purpose of seeking approval to market a 
competing version of that drug.°” 


As discussed in more detail below, however, the concept of early working 
did not,°* and indeed should not, refer to the working of any patent at 
any time. It was intended to refer to a specific patent on a specific drug 
about to come off patent protection so as to allow generic firms to prepare 
for timely market entry. A second element of this analysis is that a drug 
referred to in section 55.2(1) is not a new and innovative drug for the 
purposes of all time. It is a drug that is new and innovative at a particular 
time in history. The moment when this drug is no longer new or innovative, 
for example when it becomes the basis of SNDS submissions and follow-on 
drugs,” constitutes the moment in history when patents are no longer in 
relation to new and innovative drugs, and thus the moment that may 
reasonably trigger timely generic entry. 

A time-sensitive definition of patent protection for drugs that are ‘new 
and innovative’ is consistent with policy debates preceding the coming into 
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force of Hatch-Waxman in the United States. While acknowledging that 
multiple patents could be listed on the patent register, the Committee on 
Energy and Commerce, to whom the Hatch-Waxman amendment were 
referred by Congress, explicitly noted that the ability of brand firms to 
delay generic entry should be narrow both in scope and time, the proper 
time for generic entry being ‘the expiration date of the valid patent covering 
the original product,’ and that ‘there should be no other direct or indirect 
method of extending patent term.” 

The Committee on the Judiciary, to whom Hatch-Waxman was also 
referred, acknowledged that FDA rules restricting generic entry prior to 
Hatch-Waxman ‘had serious anti-competitive effects’ and that the ‘net result 
of these rules has been the practical extension of the monopoly position of 
the patent holder beyond the expiration of the patent.’”? The Committee on 
the Judiciary went further regarding the multiple patent listing issue, stating 
that it ‘accepted the rationale put forward by the Committee on Energy and 
Commerce concerning the need to avoid multiple patent term extensions’ to 
the effect that ‘the only patented product which experiences any substantial 
regulatory delay is the first product patent (or if there is no product patent, 
the first process patent).’ As a result, the Committee concluded that any 
‘subsequent patents on approved drug products are frequently not the same 
magnitude of innovation as occurs with respect to the initial patent’ and that 
‘on public policy and health policy grounds ... only the first patent on a drug- 
type product should be extended.” 

Thus there is substantial evidence in both Canada and the United States 
that the nexus between drug approval and patents should be narrow, both 
in scope and time. 

In choosing the words ‘the development of new and innovative drugs’ to 
be one half of the balance linking patent law to food and drug law, federal 
governments in the United States and Canada articulated a clear public 
policy goal that pioneering drug development is desired in exchange for the 
‘unusual protections’ afforded to the pharmaceutical industry by the 
linkage regime.” Similarly, in choosing the words ‘timely market entry of 
their lower priced generic competitors’ these governments articulated a 
second public policy goal of cost-savings,” triggered by the expiry of 
specific patents on specific drug forms that are no longer new and 
innovative. 

Based on the foregoing argument, it is reasonable to conclude that the 
‘balance’ sought to be effected by the NOC Regulations between food and 
drug law and patent law is not just a qualitative balance between two poles, 
but also a quantitative balance. The more reward there is on the private 
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side of the ledger, the more there must be on the public side in order to 
maintain a valid legal equilibrium. 

Our data indicate that generic market entry is substantially delayed by the 
linkage regime, and that rent-seeking behavior by brand-name pharmaceutical 
firms to leverage loopholes in the regime is passed on in the form of continued 
monopoly costs to the public. Put another way, the results of Chapters 3-5 
reveal the fact that not only has the production of new and innovative drugs 
declined over the last decade, but also that the legal protection of drugs 
under the linkage regime has conversely increased compared to the protection 
afforded via conventional infringement grounds. 

The data suggest that there are two components to the disequilibrium 
affected by the regulations ‘in operation.’ First is the increase in private 
rewards compared to neutral public value, and second is the delay in 
generic entry compared to a neutral private reward. Of note, the two 
components combine to produce a larger disequilibrium than either one 
alone. 

An investigation into the qualitative and quantitative nature of the 
balancing of public and private benefits such as that described above is 
consistent with the quid pro quo of the traditional patent bargain and the 
fact that the enabling statute for the NOC Regulations is the Patent Act. 
With this in mind, the following section turns to the Supreme Court of 
Canada’s ‘patent-specific’ analysis evidenced in its trilogy of cases on the 
NOC Regulations. 


6.4 ‘Patent-specific’ analysis 


The qualitative and quantitative interpretation of the original policy intent 
advocated above supports a specific reading of the application of section 
55.2 (infringement) to a narrow range of patents per drug rather than a 
general reading that would lay the groundwork for a broad and potentially 
indefinite extension of market exclusivity for already approved 
pharmaceuticals. The starting point for the analysis is the enabling statute. 
As noted by Driedger: 


It is not enough to ascertain the meaning of a regulation when read in 
light of its own object and the facts surrounding its making; it is also 
necessary to read the words conferring the power in the whole context 
of the authorizing statute. The intent of the statute transcends and 
governs the intent of the regulation.’ 
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In its leading decisions on the linkage regime in Biolyse and AstraZeneca,” 
the Supreme Court of Canada narrowly constrained its analysis on drug 
submissions and patent listing within the terms of the Patent Act, expressly 
stipulating a patent-specific analysis rather than a broad inclusive analysis 
of drug submissions and patents supporting market exclusivity under the 
NOC Regulations.” The court held that while the balance sought is that 
between food and drug law and regulations and patent law and regulations,” 
the objects of patent legislation and policy take precedence when 
interpreting the broad ambit of the NOC Regulations. When analyzing 
cases under the NOC Regulations, courts are required to specifically 
consider the balance struck under the Patent Act whereby the public gives 
an inventor the right to monopoly protection of their invention in exchange 
for disclosure of socially valuable information.®°° 

In Biolyse, the court held that when contemplating inventions in the field 
of patented medicines, we must be mindful of the fact that Parliament was 
concerned not only with the balance between inventors and potential users, 
but also ‘that between protection of intellectual property on the one hand 
and, on the other hand, the desire to reduce health care costs while being 
fair to those whose ingenuity brought the drugs into existence in the first 
place.’8! As a result, claims such as those by Industry Canada, that poor or 
otherwise inefficient working of the NOC Regulations resulting in 
evergreening of older products can be counterbalanced by the benefits of a 
patent regime that gives multinational firms confidence in Canada,** must 
be tempered by legal assessment of relevant evidence pertaining to the 
functioning of the regulations in light of legislative intent. This latter 
statement is consistent with amendments to the NOC Regulations 
specifically intended to limit evergreening through abuse of the automatic 
stay provision.* 

If the public benefits of innovation are raised under the linkage 
regulations through the terms of the patent bargain,*4 then how much does 
one ask for in exchange for the unusual protections of the linkage regime? 
The term ‘patent bargain’ is usually used to refer to a grant of a limited 
patent monopoly in exchange for public disclosure of socially valuable 
knowledge.* In a public health context, where drug approval and drug 
patenting are linked, the essence of the patent bargain may be viewed as the 
exchange of extended patent protection for a socially beneficial level of 
pharmaceutical innovation that is proportional to the benefit to firms of 
extending market exclusivity. Thus the public expects, and should expect, 
something of substantial value in exchange for extended patent protection 
and monopoly pricing. In other words, there should be a strong functional 
legal nexus between public health policy and patent policy. 
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The social benefits of approval-patenting linkage are also implied by the 
obligation on courts to carefully scrutinize pharmaceutical patents to 
determine if they properly merit the grant of a monopoly privilege in light 
of the substantial public interest at stake,*° as well as the observation that 
the linkage regulations are deemed to involve ‘special enforcement 
provisions’ that operate well beyond the purview of traditional patent 
law.*” As stated in Whirlpool,’ the bargain between patentee and public is 
in the interest of both sides only where the patentee receives a monopoly 
reward that is proportional to what it discloses to the public; a patentee 
who evergreens an invention via successive patents on uninventive additions 
prolongs its monopoly beyond what the public has agreed to pay. 

Two cases in particular are instructive about how narrow the functional 
linkage between the rights of the inventor and those of the public in the 
context of the patent bargain should be. In AstraZeneca v. Canada, the 
Supreme Court held that the listing provisions of the NOC Regulations are 
linked only to a ‘specific’ drug submission rather than a general submission. 
The court held that a general listing provision would allow undue 
evergreening,®? which would be inconsistent with the intent of Parliament 
in enacting the NOC Regulations. A broad interpretation of the listing 
provision was seen by the court to undermine the balance sought by 
Parliament between the objectives of food and drug law and patent law,” 
with the result that the public would not derive appropriate benefit from 
patent legislation — in this case from properly listed patents. The court 
stipulated that this scenario ‘offends the “balance” inherent to the quid pro 
quo’ in that the ‘patentee takes too much in exchange for a weakly 
innovative invention.’?! 

In other words, the functional legal nexus between patent law and food 
and drug law was insufficiently narrow to support the extension of a patent 
monopoly on weakly innovative drugs via the linkage regime. 

The court also held that ambiguity as to the specific intent of a regulation 
does not have to manifest itself in specific statutory text in order to be 
properly considered by the court. Rather, such ambiguity should be 
analyzed within the entire context of the legislation.?* Importantly, the 
court overruled a general listing requirement notwithstanding the acceptable 
industrial strategy of firms to evergreen products by ‘adding bells and 
whistles to a pioneering product even after the original patent for [the] 
pioneering product has expired.’ This result was based on the finding that 
an overly broad interpretation of the NOC Regulations was inconsistent 
with the narrow terms of Parliament’s intent in enacting the regulations and 
offended the quid pro quo of the traditional patent bargain. 
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A similar result was obtained in Biolyse v. Bristol-Myers Squibb (BMS) 
again using a patent-specific analysis. Here the Supreme Court dealt with 
what constituted a brand-name versus a generic ‘submission’ and, thus, 
whether a second-entry firm needs to litigate all listed patents prior to 
market entry. BMS argued that a drug submission should be construed 
broadly to include all submissions, whereas Biolyse argued that the term 
should be interpreted narrowly. While the word ‘submission’ was seen to 
provide an entry into analysis of statutory language governing submissions, 
the court noted that the term submission was not specifically defined in the 
regulations. Under the terms of its earlier decision in Bell Express Vu,” the 
court saw its duty to consider the entire context of the provision and 
enabling legislation before undertaking a specific analysis of the term. 

Taking a purposive approach, the court held that the term submission 
should be analyzed in its narrow sense rather than a broad general sense. A 
general interpretation was seen to lead to the absurd result whereby a 
submission by one firm relevant to a medication encompassed all further 
submissions relating to that medication, thus allowing the original patentee 
to evergreen its product via ever diminishing minor improvements. This 
scenario was seen to push the regulations well beyond their stated purpose, 
stifle competition and innovation in the pharmaceutical industry, and yield 
a result at odds with legislative intent.” The section was held to be ultra 
vires based on breach of the quid pro quo such that the patentee could 
extend its monopoly far beyond what its skill and ingenuity contributed to 
the public. As with AstraZeneca, the court’s decision was patent-specific 
and hinged on a narrow rather than general nexus between drug approval 
and drug patenting. 

A strong lesson from Biolyse and AstraZeneca is that critical to analysis 
of whether pharmaceutical linkage is a success or failure in achieving its 
twin policy goals is the long-held exercise in patent jurisprudence to ensure 
the patent owner is not getting more of a monopoly than the public 
bargained for despite claims of the patentee (and its industry and 
government supporters) to the contrary.?° Innumerable cases have been 
brought before the courts based more on imagined, or hypothetical, 
inventions rather than real ones. When only patent law is construed, the 
difference is whether or not the inventions satisfy the requirements set out 
in relevant patent legislation. This is not so with regard to the NOC 
Regulations, which provide for a specific legal and functional link among 
the drug approved, its relevant patents, and whether they are listed on the 
patent register. The unique nature of the interrelationship between the Food 
and Drug Act, the Food and Drugs Regulations, the Patent Act, and the 
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Patented Medicines (Notice of Compliance) Regulations was recognized in 
this regard by the federal government in its lengthy 2004 RIAS: ‘Despite 
their seemingly competing policy objectives, it is important that neither 
instrument [Patent Act, NOC Regulations] be considered in isolation, as 
the intended policy can only be achieved when the two operate in a 
balanced fashion.’?” 

Based on the foregoing jurisprudence, it is plausible to argue that the 
interpretation of what constitutes sufficient grounds for the ‘special 
protection’ afforded by the NOC Regulations may be seen to differ from 
the threshold for patentability per se. 

Indeed, the difference between real and imagined inventiveness has been 
previously recognized by regulators in the context of the NOC Regulations 
and used to negate the protection of the regulations for inventions where a 
patentee failed to demonstrate a strong connection between the invention 
sought to be protected and the product sought to be approved.’ This 
suggests that the concept of early working should not refer to the working 
of any patent at any time. Rather, the early-working provision specifically, 
and hence the empirical outputs of the linkage regime more generally, 
should only encompass patents relating to a specific drug that is new and 
innovative for the first time in history. The early-working provision should 
not encompass patents that form the basis of SNDS submissions and 
follow-on drugs. Ironically, this approach was supported by the federal 
government in its testimony before the Parliamentary Committee on Bill 
C-91. That testimony stated that a new and innovative drug was said to 
have ‘[one] main patent’ and ‘w[h]en that main patent expires, anyone may 
copy that product and bring it to market.’?? As discussed above, a similar 
conclusion was reached by both the Committee on Energy and Commerce 
and the Committee on the Judiciary at the time the originating Hatch- 
Waxman regime came into force. 

In light of government reports and jurisprudence on topic, one can 
reasonably conclude that the linkage regime was never intended to act as a 
vehicle for the continuous evergreening of blockbuster products. At least 
with regard to Canadian law, pharmaceutical linkage was intended to 
provide for international harmonization of Canada’s patent laws balanced 
by a narrow (patent-specific) exemption to the infringement section of the 
Patent Act in order to allow the early working of generic drugs prior to 
expiration of the main patent on a given drug. To paraphrase Justice Binnie 
in Free World Trust,'°° there is a high economic cost attached to taking an 
overly broad approach to assessing the nexus between drug approval and 
drug patenting. Continuing the analogy, we might also say that it is the 
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proper policy of patent law to keep the legal nexus between the scope of 
patent protection and the scope of innovation narrowly construed rather 
than broadly construed, and to assess the integrity of this nexus in light of 
all relevant empirical evidence. Otherwise, as at issue in Biolyse and 
AstraZeneca, the pharmaceutical linkage regime may stifle innovation, 
operate beyond its stated purpose, and yield a result that is at odds with 
legislative intent. 


6.5 Statutory interpretation 


The purpose of this section is to raise the possibility that empirical evidence 
demonstrating that legislation does not achieve its ends can support the 
conclusion that the legislation is invalid or in need of substantial amendment 
in order for it to remain intra vires. An ancillary goal is to explore whether 
there are aspects of statutory interpretation that illuminate an investigation 
into whether the NOC Regulations are meeting the stated goals of 
stimulating the development of new and innovative drugs and facilitating 
timely entry of generic drugs, and the manner in which this question may 
be assessed from a purposive perspective. 

According to the principles of purposive analysis reviewed by Hutchinson 
in the context of intellectual property,!°! the essence of ordinary language 
is paramount to the exercise of statutory interpretation. The ordinary 
language of a statute or regulation is informed contextually by the scheme 
and purpose as well as evidence of statutory intent.!°* Referred to as 
‘external context, ! the interface between original policy intent and the 
consequences thereof in the real world informed by the original policy 
intent refers to ‘how the legislation works operationally.’!°* As a reminder, 
the twin policy goals underpinning the NOC Regulations are to stimulate 
the development of new and innovative drugs and to facilitate timely 
generic entry. In the present circumstances, the term external context could 
thus reasonably be assumed to encompass empirical evidence of the extent 
and manner in which the NOC Regulations affect (1) the production of 
new and innovative remedies and (2) the timely entry of generic remedies 
once the original product patent has expired. Considerations of external 
context are those which privilege the setting in which a law operates, i.e. 
empirically, as a response to a set of evolving institutions and 
relationships. !% 

The construction of law as a dynamic and adaptive (or maladaptive) 
system with multiple interconnected and interdependent nodes is consistent 
with arguments made on the potential impact of Bill C-91 by the Canadian 
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Association of Consumers (CAC) discussed in section 6.2 above. Of 
particular relevance, the CAC pointed out that in exchange for patent 
reforms including linkage Canada could possibly be contributing to capital 
market protectionism by multinational pharmaceutical firms, a likely 
preference by firms and regulators for low-level innovations (me-too and 
other follow-on drugs), as well as minimal positive social welfare outcomes 
given the preference for enhanced follow-on innovations. These concerns 
were echoed in the testimony of US-based economist Stephen Schondelmeyer 
who underscored the potential of pharmaceutical linkage to result in 
significantly enhanced market exclusivity periods and cautioned the 
Parliamentary Committee to think through the issue of unintended 
consequences when constructing a system of innovation where new drug 
development and generic entry are fundamentally tied to patents on older 
products. 

The notion of the law as a complex system can also be seen in selected 
writings of Fuller and Dworkin to the extent that the purpose, indeed the 
validity, of the law may be ascertained by the evolving context in which it 
operates.!°° The notion that the law is ‘alive’ rather than stagnant draws 
strong parallels to legal and other social sciences scholarship demonstrating 
the law to be a dynamic complex adaptive system.!°” In such systems, the 
law-in-operation is strongly contingent on positive and negative feedback 
loops that impact on system performance, !°8 including systems of intellectual 
property law and biomedical innovation.! 

Another principle of statutory interpretation that may be particularly 
relevant to analysis of the linkage regime is that interpretation of legislative 
intent entails an understanding of what ‘mischief’ the statute or regulation 
was intended to remedy at the time it was enacted.'!° Review of the matters 
before the House of Commons Legislative Committee on Bill C-91 indicate 
a clear concern with stimulating the production of globally competitive 
innovative pharmaceutical technologies balanced by the cost considerations 
of promoting early generic entry. These goals are entirely consistent with 
the original policy intent underpinning the regulations enumerated in RIAS 
documents, ranging from 1993 to the present, to balance the production of 
new and innovative drugs with the timely entry of generic products. 
Important to the type of balancing function inherent in the NOC 
Regulations, Parliament is assumed to avoid promulgating laws and 
regulations that conflict with one another.!"! Implicit in both the purposive 
and mischief analyses is the recognition of indeterminate considerations 
when making law and public policy that cannot be predicted,!!* yet which 
nevertheless must be accounted for in later assessments of legislative 
purpose or effect. 
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When courts are presented with competing interpretations (i.e. general 
or specific; Patent Act or Food and Drugs Act; health policy v. industrial 
policy), the clear choice is one that accords most substantively with the 
legislative purpose and one that is consistent with an interpretation of a 
given statute or regulation as a ‘workable whole.’!'? In other words, the law 
and policy of the legislation or regulation need to operate consistently with 
one another from an operational perspective. As noted by Fuller: 


The troublesome cases are in reality resolved not in advance by the 
legislator, but at the point of application. This means that in applying 
the statute the judge or police sergeant must be guided not simply by 
the words but also by some conception of what is fit and proper to 
come into the park; conceptions of this sort are implicit in the practices 
and attitudes of the society of which he is a member ... All this adds up 
to the conclusion that an important part of the statute in question is 
not made by the legislator, but grows and develops as an implication of 
complex practices and attitudes which may themselves be in a state of 
development or change.'"4 


As implied in the passage from Fuller, the purpose and intent of a statute or 
regulation is not static. Rather, it represents a dynamic process of refining 
and clarifying means and ends through a system of positive and negative 
feedback loops.!!5 In other words, the intent and meaning of legislation or 
regulation is how it operates ‘in the lives of people affected by it,’ not 
theoretically or hypothetically as an isolated idea or even goal. This, 
importantly, includes objective evidence of the operation of statutes and 
regulations such as empirical evidence of contextual operational 
efficiency.!16 

A final point, which has not escaped the notice of the Supreme Court of 
Canada!” or the US Federal Circuit,!!8 is that courts are not the only legal 
authorities deciding whether legislation or regulations are valid or invalid. 
When faced with growing evidence of the lack of success of any legal 
vehicle, it is the role of the legislature to learn and dynamically adapt to 
external signals relating to its original policy intent, and to decide rationally 
in an evidence-based manner whether to abandon either the law or the 
original policy intent given objective evidence of how a statute or regulation 
operates in the ‘real world.’ Where objective empirical evidence such as that 
reviewed from Chapters 3 to 5 shows that the vehicle is operating in 
contrast to its stated and dynamically interpreted goals, it may be ultra 
vires! or otherwise operating outside of its stated ambit.!*° 
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6.6 Revisiting the empirical data 


In the discussion above, we saw that courts look favorably on evidence 
relating to how a statute or regulation operates in the real world, and that 
law can be viewed in the context of statutory interpretation as a dynamic 
legal construct that may or may not evolve away from its stated goal or 
purpose. What, then, is the evidence that the operation of linkage 
regulations is inconsistent with the intent of the federal government to 
encourage the development of, or even to simply protect patents relating to, 
new and innovative drugs? Indeed, there are two major sets of observations 
from our empirical work to suggest that the operation of the linkage 
regulations is inconsistent with the goal underpinning the linkage regime. 
The first set of observations relates to drug patenting and the specific levels 
of innovation supported by these patents. The second set of observations 
relates to how, in combination, drug approval, drug patenting, and the 
pharmaceutical linkage regime act in a coordinated manner to increase the 
effective period of market exclusivity to the detriment of timely generic 
entry. 

First, we observed a time-dependent decrease in new drug development 
over a nearly ten-year period, well after the NOC Regulations came into 
force. This was accompanied by a concomitant increase, in some cases non- 
linear, in the development of follow-on drugs. The data reviewed above 
indicate that these trends have occurred seemingly independently of strong 
time-dependent trends in drug patenting, patent listing, and drug approvals, 
consistent with the principles of emerging lifecycle regulatory models of 
drug regulation. The results demonstrate that pharmaceutical firms, when 
they so desire, are capable of responding rapidly and strongly to regulatory 
incentives in the context of drug regulation, but that this responsiveness has 
not extended to increasing the production of new and innovative drugs. An 
additional observation is that when drug approval data are analyzed 
cumulatively, there is a vanishingly small fraction (1.87%) of brand-name 
drugs that are truly ‘new and innovative.’ It is difficult to believe that when 
Parliament stipulated that only patents on new and innovative drugs were 
to be protected via the new pharmaceutical linkage law it had this low level 
of innovation in mind. Here, it is important to bear in mind that, unlike 
other industries, incremental innovations that have little or no therapeutic 
value to individual patients may nevertheless be used as tools to extend the 
market exclusivity for blockbuster drugs with broad social value that 
would otherwise come off patent. 
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The second primary finding of our work is that operation of the NOC 
Regulations increases the effective period of patent protection by at least 
twofold beyond the normal period. As such, the evidence suggests that the 
linkage regulations are being used as more of a sword than a shield by 
pharmaceutical firms. The degree of protection offered is indiscriminate, 
and is not specific to high-value inventions. Indeed, the observation in both 
the US and Canada that up to 50-75% of listed patents are invalid or not 
infringed when litigated on the merits!?! supports the conclusion that the 
functional nexus between drug approval and drug patenting need only be 
very weak (i.e. general) to support a significant extension of the patent 
monopoly for drugs coming off patent protection under the NOC 
Regulations. This scenario is worsened by a weak relevance standard for 
patent listing,” particularly one that permits listing of multiple patents on 
follow-on drugs with little change in benefit : risk. Thus not only has the 
linkage regime not resulted in the development of new and innovative 
drugs, it has also failed to stimulate the ‘timely market entry of generic 
drugs.’ Therefore both limbs of the balance inherent in the original policy 
intent underpinning the linkage regime are offended. 

Supporting the conclusion above is the finding that patenting of drugs by 
pharmaceutical firms has escalated substantially since the coming into force 
of the NOC Regulations, providing increasing fodder for the patent listing 
and automatic stay mechanisms under the regulations. Related to this is the 
finding that cumulative patenting and patent listing have converged 
strongly over time, and that the delay between drug approval and patent 
listing has declined to the point that the patent listing now seems a better 
proxy of drug development in Canada than patenting per se. Trends in new 
and follow-on drugs were not altered by the increasing application of the 
principles of lifecycle regulation, which, like the NOC Regulations, is also 
strongly premised on the production of new and innovative drug products 
in exchange for strong intellectual property and regulatory rights.!? Thus, 
in the absence of a reward system that is proportional to the degree of 
innovation, lifecycle-based drug regulation is not likely to alter the profile 
of domestic drug development. 

Findings from empirical studies such as those in Chapters 3-5 support 
the conclusion that the patterns for new and follow-on drugs may not be 
reflective, as claimed by industry and its supporters, of low-hanging fruit 
already being picked, or escalating costs of drug development. This does 
not mean that a significant fraction of the low-hanging fruit has not been 
picked or that drug development has not become more expensive over time. 
Rather, results demonstrating a time-gated and increasing focus by firms on 
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follow-on drug development, and on broadening the scope and number of 
patents, patent type classifications, and therapeutic classifications supporting 
them, suggest that firms may be aiming ex ante at discrete legal targets 
provided for by law. In the absence of demonstrable intent by government 
otherwise, this would be of no concern. However, in both the United States 
and Canada, federal governments have in fact stated that the twin goals of 
pharmaceutical linkage are to provide strong patent protection for new and 
innovative drugs while also facilitating rapid generic entry, and that these 
goals are to be achieved in the form of a specific legal nexus between drug 
approval and drug patenting informed by legal and policy grounds 
underpinning the legislation. 

Contrary to the original policy behind the NOC Regulations, brand- 
name firms appear to have decreased their innovative output following the 
coming into force of the linkage regime while at the same time engaging in 
increased evergreening of already appropriated technologies using the 
linkage regulations as the preferred vehicle for patent extension. The 
empirical data show that, at best, the linkage between patent law and food 
and drug law is general rather than specific in nature. This is indicative of 
a weak legal and functional nexus between the scope of innovation and 
scope of patent protection, thus raising the possibility that the NOC 
Regulations might, in principle, infringe the quid pro quo of the patent 
bargain and produce a result that is at odds with legislative intent. 

Based on the data presented thus far, one can argue that both ends of the 
balancing function of the linkage regime (stimulating new and innovative 
drug development and facilitating timely entry of generic drugs) are 
operating poorly or at least very inefficiently. On the one hand, generic 
competition is being stifled owing to a twofold increase in the term of 
patent protection under the regulations on patents that are weakly relevant 
to the reference product and that are often invalid when litigated on the 
merits. On the other hand, strong intellectual property protection is 
consistently and increasingly being afforded under the regulations for 
patents that are not in relation to new and innovative drugs, including 
those with a paradoxical approval-patent linkage. As suggested earlier, this 
suggests that there are two components to the disequilibrium affected by 
the regulations ‘in operation.’ First, is the increase in private rewards 
compared to neutral public value, and second is the delay in generic entry 
compared to a neutral private reward? The two components combine to 
produce a larger disequilibrium than either one alone. 

As explored more fully in the context of product clusters in Chapter 7, a 
related observation is that drug development by domestic firms over the 
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last decade has been strongly focused on technology appropriation in 
jurisdictions with and without pharmaceutical linkage. This is ironic, as 
one of the major concerns of policy-makers in the early stages of 
development of the NOC Regulations was to ‘thwart’ appropriation by 
generic drug companies of innovative technologies propagated by brand- 
name drug companies, '* typically articulated as ‘rights piracy.’ As discussed 
above, the term ‘appropriation’ is usually used to refer to a party’s ability 
to capture profits generated from their own inventions or related 
inventions. 

The data in Chapters 3-5 strongly suggest that not only are generic firms 
not unduly appropriating innovative technologies, but even if obtaining an 
NOC based on bioequivalence grounds could be construed as appropriation, 
generic firms are only following the lead of brand-name firms who are 
themselves focusing on follow-on approvals while at the same time 
decreasing new drug development activities. This led us to conclude in our 
McGill study!% that the domestic limbs of multinational pharmaceutical 
companies are ‘doing more with less.’ As such, not just brand-name firms, 
but all forms of domestic pharmaceutical companies we studied over the 
course of nearly a decade are focusing a progressively greater share of their 
patenting and regulatory approval energy on appropriating, or extending 
the value of, existing technologies over time, presumably relying on the 
acquisition of pioneering biotechnology firms as their technologies crystallize 
through clinical trials. 

Finally, the data in Chapters 3-5 have some meaningful implications for 
innovation theory in general, which holds that follow-on or incremental 
innovation is equally important to overall domestic productivity and 
prosperity as pioneering innovation. However, unlike other industries, 
follow-on innovations in the pharmaceutical sector often have little or no 
therapeutic benefit for the population at large compared to existing drug 
products. While this is obviously not true for all follow-on drugs, when the 
system is effectively gamed using existing loopholes in the law, the multiple 
patent listing provision in combination with weak evidentiary requirements 
for drug approval can be used to powerfully extend market exclusivity for 
blockbuster drugs in a manner that impacts drug pricing for both public 
and private payers. Patents on products within a cluster can be used for this 
purpose either by providing the basis for follow-on drug submissions or by 
providing a large pool for patent listing purposes. In either case, 
breakthrough innovation is diminished at the same time as the timely entry 
of generic products is delayed. Thus, as noted in Chapter 4, the social 
consequences of a regulatory preference for follow-on drugs may be much 
greater in the public health sector than other sectors of the economy. 
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6.7 Summary and conclusions 


Our empirical investigation into the nexus between drug approval, drug 
patenting, patent listing, and litigation under the domestic Canadian 
linkage regime for pharmaceuticals has yielded a number of important 
observations. Primary among these is that the development, approval, and 
marketing of new and innovative breakthrough drugs have stagnated in 
favor of follow-on drug development. The number of truly innovative 
drugs is very low, representing about 1.87% of all brand-name submissions 
and 1.23% of total submissions. This trend has been ongoing for about 
decade and appears to have occurred independently of concomitant changes 
in firm patenting, patent listing, and patent litigation. The second primary 
observation is that operation of the linkage regime over the same time 
frame has resulted in a doubling of cumulative patent protection for 
blockbuster drugs, from an average term of 22 years to a term of 43 years. 
Extended patent protection under the NOC Regulations was associated 
with a substantial degree of litigation, often resulting in opposing decisions 
on validity or infringement at the same level of court. Unlike the US linkage 
regime, litigation in Canada is deemed to be judicial review in nature. Thus 
generic firms, while successful on issues of validity or infringement under 
linkage laws, remain vulnerable to a post hoc infringement action. There is 
little question as to whether these costs are passed on to consumers in the 
form of monopoly prices. Together the data show that the production of 
new and innovative drugs is low and decreasing over time, that domestic 
pharmaceutical companies are focused more on appropriating existing 
technologies than on breakthrough drug development, and that generic 
entry on high-value drugs is being increasingly delayed. 

The empirical findings reviewed here are at odds with the intent of the 
federal government in enacting the NOC Regulations to stimulate the 
development of new and innovative drugs and facilitate the timely entry of 
generic drugs. Strong questions as to the validity of the NOC Regulations 
arise when a purposive patent-specific approach to interpreting the NOC 
Regulations is taken, as stipulated by the Supreme Court of Canada in its 
leading patent jurisprudence. Taking this approach to analysis of the 
linkage of drug approval and drug patenting in the specific infringement 
context of section 55.2(1) of Canada’s Patent Act, one could argue that the 
concept of early working does not refer to the working of any patent at any 
time. As suggested by testimony by the federal government before the 
Legislative Committee on Bill C-91, the early-working provision was 
intended to refer to a specific patent on a specific drug so as to allow 
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generic firms to prepare for timely market entry in relation to that drug and 
that patent. A second element of a patent-specific analysis is that a drug as 
referred to in section 55.2(1) is not a new and innovative drug for the 
purposes of all time. It is a drug that is new and innovative at a particular 
time in history. The moment when this drug is no longer new or innovative, 
for example when it becomes the basis of SNDS submissions and follow-on 
drugs, constitutes the moment in history when patents are no longer in 
relation to new and innovative drugs, and thus the moment which may 
reasonably trigger timely generic entry. 

A similar conclusion may be drawn from the legal debate surrounding 
the coming into force of the US Hatch-Waxman regime, particularly with 
respect to influential reports from the Committee on Energy and Commerce 
and the Committee on the Judiciary preceding the legislation. 

Relegating patents listed on the patent register only to specific drug 
submissions considered to be ‘new and innovative’ based on objective 
evidence such as that reviewd and proposed in Chapters 5 and 7 rather than 
in an arbitrary manner on all new (NDS) and follow-on (SNDS) submissions 
would be in line with the spirit of the regulations to encourage the 
development of new and innovative drugs and to facilitate the timely entry 
of generic alternatives. Amendment to the NOC Regulations in this manner 
would accord with the framework for the linkage regime put forward by 
the Canadian government in the lead-up to Bill C-91. It would also be 
consistent with the policy underpinning linkage as laid out by the Committee 
on Energy and Commerce and the Committee on the Judiciary in the United 
States in the lead-up to Hatch-Waxman. At the time both pieces of 
legislation came into force, the US and Canadian governments strongly 
asserted that linkage protection was aimed at a narrow range of patents on 
new and innovative drugs, and when that narrow range of patents expire, 
anyone in a position to copy that product can legally bring it to market. As 
discussed above in greater detail, the language used by both governments is 
consistent with the plain meaning of the terms ‘new and innovative’ and 
‘timely.’ 

In choosing the words ‘the development of new and innovative drugs’ to 
be one-half of the balance linking patent law to food and drug law, federal 
governments in the United States and Canada articulated a clear public 
policy goal that pioneering drug development is desired in exchange for the 
‘unusual protections’ afforded to the pharmaceutical industry by the 
linkage regime. Similarly, in choosing the words ‘timely market entry of 
their lower priced generic competitors’ these governments articulated a 
second public policy goal of cost-savings, triggered by the expiry of specific 
patents on specific drug forms that are no longer new and innovative. Thus 
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the balance sought to be effected by pharmaceutical linkage is not just a 
qualitative balance between poles, but also a quantitative balance. The 
more reward there is on the private side of the ledger, the more there must 
be on the public side in order to maintain a valid legal equilibrium. 

The data in Chapters 3-5 demonstrate that, when analyzed in its ‘real- 
world’ context, the Canadian linkage regulations are not working either as 
intended by Parliament at the time the law was passed or even in a manner 
that is consistent with the goals and objectives of the federal government as 
articulated in later RIAS documents. Private firms are obtaining extended 
patent protection for weakly inventive products, while at the same time 
generic competition is markedly delayed. The result is that pharmaceutical 
firms are reaping the rewards of intellectual property protection at 
historically high levels in this country while the public (and institutional 
payers) is being deprived of reasonably priced pharmaceuticals. 

In light of the principle of statutory interpretation that legislation should 
be understood and assessed objectively in the setting in which it operates, 
it is possible that the operation of the NOC Regulations as currently 
constituted breaches the quid pro quo of the traditional patent bargain 
from a patent-specific perspective. Based on the same reasoning and 
evidence one might conclude that the linkage regime does not rectify the 
mischief it was intended to remedy, and thus may yield a result that is at 
odds with legislative intent. 

Finally, data such as those in Chapters 3-5 suggest that the blending of 
industrial and health policy goals may be ineffective and possibly 
counterproductive in terms of public health outcomes. Particularly 
worrisome is the potential for linkage loopholes permitting a ‘paradoxical 
drug approval-drug patenting nexus,’ whereby the largest degree of market 
exclusivity is provided on products with the least amount of innovation. A 
theory of how this may occur within the context of pharmaceutical linkage 
via the development of ‘product clusters’ is provided in Chapter 7. 

There is no question that established and emerging drug regulatory 
regimes have the potential to increase the efficiency of public health 
provision by placing both new and innovative and older blockbuster 
remedies in clinical environments sooner. However, a growing body of 
evidence, including data reviewed here, seems to indicate that the efficacy 
of this approach can be weakened through inadequate monitoring and 
supervision, such that pharmaceutical firms perceive a higher incentive to 
exploit existing patented technologies in new ways rather than increasing 
the flow of new technologies. At a more general level, the data lend 
empirical substance to an emerging consensus that, in many circumstances, 
intellectual property rights may be an inhibitor of innovation in so far as 
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this term is construed to yield the greatest social benefits for the public. The 
results may have important implications for innovation theory in general, 
the classical view of which holds that follow-on or incremental innovation 
is equally important to overall domestic productivity and prosperity as 
pioneering innovation. However, unlike other industries, follow-on 
innovations in the pharmaceutical sector often have little or no therapeutic 
benefit for the population at large compared to existing drug products. 
This is clear from the history of Bill C-22 and Bill C-91 reviewed above. 
While obviously not true for all follow-on drugs, when the system is 
effectively gamed (as it often is for high-value drugs), the multiple patent 
listing provision in combination with weak evidentiary requirements for the 
combination of patents and new and follow-on drug approval can be used 
to powerfully extend market exclusivity for blockbuster drugs in a manner 
that impacts drug pricing for both public and private payers. Thus the 
social consequences of a regulatory preference for follow-on drugs may be 
different in the public health sector than in other sectors of the economy. 

It is concluded that policy and legislative incentives designed to stimulate 
innovation in the pharmaceutical industry have had the opposite effect, and 
that shifting to a lifecycle regulatory model is unlikely to alter this scenario 
absent effort to balance economic incentives for breakthrough and follow- 
on drug development. Importantly, the findings presented in this book do 
not suggest unusual behavior by pharmaceutical firms. Rather, the data 
point to the failure of policy incentives intended to induce the desired 
result, namely stimulating the development of new and pioneering drugs 
while also facilitating the timely entry of generic drugs and thus access to 
essential and affordable medicines. 

As discussed in greater detail elsewhere,!*° it is possible that unintended 
consequences such as those reported here have come about, at least in part, 
as a result of the discrete system of legal checks and balances comprising 
the domestic linkage regime, particularly when the balance of ‘pro-brand’ 
and ‘pro-generic’ provisions in the Canadian system of linkage are 
compared to those employed in other jurisdictions. 
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Parliament) (December 1, 1992). 

Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
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Another witness, Mr Ross Duncan (Consumer Policy Branch, Department of 
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his report on the impact of Bill C-91 was data provided by the Pharmaceutical 
Manufacturers Association of Canada (PMAC) (ibid., at 6: 12). 

Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
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Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 5 Parliament of Canada, 5: 76, 5: 133 (November 30, 1992). 
Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 8 Parliament of Canada, 8: 40 (December 1, 1992). 
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Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
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Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 7 Parliament of Canada, 7: 70 (December 1, 1992). Professor 
Schondelmeyer assessed the net cumulative savings to Canadians (individual 
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Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 5 Parliament of Canada, 5: 42 (November 30, 1992) (Canadian 
Center for Policy Alternatives (CCPA)). The pharmaceutical industry was 
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C-91, 34: 5 Parliament of Canada, 5: 42 (November 30, 1992) (CCPA). 
Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
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Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
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support price controls in the United States while seeking intellectual property 
privileges globally, see Harrison (2000-1), supra note 1, at 461, 522, 523, 526. 
Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 5 Parliament of Canada, 5: 54-57 (November 30, 1992). 

As a reminder, between 50 and 75% of the proposed sum of CN $500 million 
that the pharmaceutical industry would invest in domestic research and 
development was composed of provincial tax breaks. This is particularly 
relevant given testimony by Dr Joel Lexchin before the C-91 Committee, 
Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 5 Parliament of Canada, 5: 135 (November 30, 1992), that the 
majority of profits for provincial drug plans are due to savings from generic 
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the more generous Scientific Research and Experimental Development 
(SRED) tax credit programs (ibid.). 

See supra section 6.3. 
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Becoming a Systems Scientist, 18 Sys. Dynamics Rev. 501 n. 4 (2002). 

See, generally, Barry Bozeman and Daniel Sarewitz, ‘Public Values and Public 
Failure in US [sic] Science Policy,’ 32 Sci. and Pub. Pol’y 119 n. 2 (2005); 
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62 Pub. Admin. Rev. 145, 145 (2002). 

Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 7 Parliament of Canada, 7: 92 (December 1, 1992). 

Evidence of legislative intent regarding balancing patent enforcement and 
generic entry can be found in early RIAS documents. See 138 C. Gaz. 50 Pt. 
I, 3714 (2004); 140 C. Gaz. 24 Pt. I, 1601 (2006); 142 C. Gaz. 13 Pt. II, 
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prodpharma/applic-demande/guide-ld/postnoc_change_apresac/noc_pn_ 
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Biolyse Pharma Corp. v. Bristol-Myers Squibb Co., [2005] 1 SCR 533, §§ 47, 
156, 157 (Can.). Justice Binnie stated: 
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regarding a provision’s legislative history and its context of enactment 
could be examined. I held in Francis v. Baker, at para. 35, that ‘[p]roper 
statutory interpretation principles therefore require that all evidence of 
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Consequently, in order to confirm the purpose of the impugned regulation, 
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meaning of the legislative language, it is useful to examine the RIAS, 
prepared as part of the regulatory process . . . (at § 156) 


See Ruth Sullivan, Sullivan and Driedger on the Construction of Statutes, 4th 
edn (2002) [Sullivan (2002)], at 499-500. 

Biolyse, [2005] 1 SCR at §§ 47, 156-7; AstraZeneca Canada Inc. v. Canada 
(Minister of Health), [2006] 2 SCR 560 (Can.); ratiopharm inc. v. Wyeth and 
Wyeth Canada, [2007] FCA 264 (Can.). 

138 C. Gaz. 50 Pt. I, 3714 (2004). 

142 C. Gaz. 13 Pt. II, 1390 (2008). 

In his 2003 testimony before the House of Commons Standing Committee on 
Industry, Science and Technology, the CEO of GlaxoSmithKline stipulated 
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L. & Econ. Working Paper No. 209, 2004, n. 24 (citing Congressional 
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development, and noted that no attempt was made by the government in the 
lead-up to Bill C-91 to empirically or objectively assess the potential impact 
of patent reforms on the costs and benefits to federal or provincial public 
health systems. See supra notes 5 and 55, for comments by the Minister of 
Consumer and Corporate Affairs that at the time Bills C-22 and C-91 were 
being implemented, suggest Parliament did know that it was possible to 
measure innovation and construct a national pharmaceutical policy with 
balanced incentives and rewards, deciding instead the preferable route was to 
eschew this approach in favor of a system with neither output metrics nor 
proportionality (Jordan (n.d.), supra note 5; Harrison (2000-1), supra note 1). 
See, generally, Minutes of Proceedings and Evidence of the Legislative 
Committee on Bill C-91, 34: 4 Parliament of Canada, 4: 8-10, 4A: 18 
(November 27, 1992) and ibid. at 34: 5 Parliament of Canada, 5: 53 
(November 30, 1992). 

Oxford International Dictionary of the English Language, Unabridged 
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Bouchard et al. (2009), supra note 23, at 1508. 
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1168, 1168 (2002). 
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140 C. Gaz. Pt. I, at 1611 n. 24 (2006) (emphasis added). 

During the parliamentary debates leading up to Bill C-91, it was clear that 
there would only be a small number of patents, indeed most often a single or 
main patent, to contend with in the early working scenario. See, generally, 
testimony on this point by the Director General, Chemical and Bio-Industries 
Branch, Department of Industry, Science and Technology, Minutes of 
Proceedings and Evidence of the Legislative Committee on Bill C-91, 34: 8 
Parliament of Canada, 8: 37 (December 1, 1992) and testimony from Green 
Shield, ibid. at 34: 7 Parliament of Canada, 7: 27 (December 1, 1992). 

For the reasons why it should not be discussed in the review of the Supreme 
Court of Canada’s ‘patent-specific’ analysis, see the Biolyse and AstraZeneca 
cases. 
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House Report No. 98-857, Pt. 1 (1984). At 30, the Committee stated: 


Article 1, section 8, clause 8 of the constitution empowers Congress to 
grant exclusive rights to an inventor for a limited time. That limited time 
should be a definite time and, thereafter, immediate competition should be 
encouraged. For that reason, Title I of the bill permits the filing of 
abbreviated new drug applications before a patent expires and contemplates 
that the effective approval Date will be the expiration date of the valid 
patent covering the original Product. Other sections of title II permit the 
extension of the term of a patent for a definite time provided certain 
conditions are met. There should be no other direct or indirect method of 
extending patent term. 


HR 98-857, Pt. 2, at 4 (1984). 

Ibid., at 5-6. 

The Federal Court of Canada, the Federal Court of Appeal, and the Supreme 
Court of Canada have repeatedly cited the language of the Supreme Court, 
which refers to the NOC Regulations as a ‘draconian regime’ in its first 
decision on topic. See Merck Frosst Canada Inc. v. Canada (Minister of Nat'l 
Health c& Welfare), [1998] 2 SCR 193, § 33 (Can.). 

As noted by the Committee on the Judiciary in its influential report (HR Rep. 
98-857, Pt. 2, at 25 (1984)), the public policy grounds achieved through early 
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drugs. 

Elmer A. Driedger, Construction of Statutes, 2nd edn (1983), at 247. For 
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NOC Regulations analysis, see Biolyse Pharma Corp. v. Bristol-Myers Squibb 
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‘stability, predictability and competitiveness’ to Canada’s pharmaceutical 
patent regime. See, generally, 138 C. Gaz. 50 Pt. I, 3714 (2004); 140 C. Gaz. 
24 Pt. I, 1601 (2006); 142 C. Gaz. 13 Pt. I, 1390, 1588 (2008). 
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Ron A. Bouchard, Richard W. Hawkins, Robert Clark, Ray Hagtvedt, and 
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550 US 398 (2007); Whirlpool Corp. v. Camco, Inc., [2000] 2 SCR 1067 
(Can.). For general discussion, see Ron A. Bouchard, ‘KSR v. Teleflex Part 1: 
Impact of U.S [sic] Supreme Court Patent Law on Canadian Intellectual 
Property and Regulatory Rights Landscape,’ 15 Health L.J. 221 (2007) 
[Bouchard, ‘KSR Part 1’ (2007)]. 

Farbwerke Hoechst Aktiengesellschaft Vormals Meister Lucius & Bruning v. 
Comm’r of Patents [1966] SCR 604 (Can.). 

140 C. Gaz. 24 Pt. I, 1598 (2006). 

Whirlpool, [2000] 2 SCR at § 37 (Can.). See also Free World Trust v. Electro 
Santé Inc., [2000] 2 SCR 1024, § 13 (Can.). 

AstraZeneca Canada Inc. v. Canada (Minister of Health), [2006] 2 SCR 550, 
§ 23 (Can.). 
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Ibid. 
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Bell ExpressVu Ltd. v. Rex, [2002] SCR 42, § 10 (Can.). 

Biolyse Pharma Corp. v. Bristol-Myers Squibb Co., [2005] 1 SCR 533, §§ 
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Free World Trust v. Electro Santé Inc., [2000] 2 SCR 1024, § 42 (Can.). 

138 C. Gaz. 50 Pt. 1, 3712 (2004). 
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[A] temporal connection between the invention sought to be protected and 
the product sought to be approved. This ensures that patents for inventions 
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the protection of the PM (NOC) Regulations to that which the innovator 
has invested time and money to test and have approved for sale. This 
prevents hypothetical innovation from impeding generic market entry and 
encourages innovators to bring their latest inventions to market. Finally, 
in only allowing patents to be listed which contain claims for the medicine 
or its use, the subject matter requirement makes it clear that innovations 
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without direct therapeutic application, such as processes or intermediates, 
do not merit the special enforcement protection of the PM (NOC) 
Regulations. (Ibid., at 1612-13) 


Minutes of Proceedings and Evidence of the Legislative Committee on Bill 
C-91, 34: 8 Parliament of Canada, 8: 37 (December 1, 1992). 

Free World Trust v. Electro Santé Inc., [2000] 2 SCR 1024, § 42 (Can.). The 
court states: 


The patent system is designed to advance research and development and 
to encourage broader economic activity. Achievement of these objectives is 
undermined however if competitors fear to tread in the vicinity of the 
patent because its scope lacks a reasonable measure of precision and 
certainty. A patent of uncertain scope becomes ‘a public nuisance’. . . 


R.C.A. Photophone, Ltd. v. Gaumont-British Picture Corp. (1936), 53 RPC 
167, 195 (Eng. CA): 


Potential competitors are deterred from working in areas that are not in 
fact covered by the patent even though costly and protracted litigation 
(which in the case of patent disputes can be very costly and protracted 
indeed) might confirm that what the competitors propose to do is entirely 
lawful. Potential investment is lost or otherwise directed. Competition is 
‘chilled’. The patent owner is getting more of a monopoly than the public 
bargained for. There is a high economic cost attached to uncertainty and 
it is the proper policy of patent law to keep it to a minimum. (Ibid.) 


See, generally, Cameron Hutchinson, ‘Which Kraft of Statutory Interpretation? 
A Supreme Court of Canada Trilogy on Intellectual Property Law,’ 46 Alberta 
L. Rev. 1 (2008) [Hutchinson (2008)]. 
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Sullivan (2002), supra note 50. 

Hutchinson (2008), supra note 101, at 7. 
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Garrett, Legislation and Statutory Interpretation, 2nd edn (Foundation Press, 
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John H. Miller and Scott E. Page, Complex Adaptive Systems: An Introduction 
to Computational Models of Social Life (Princeton University Press, 2007): 


In a complicated world, the various elements that make up the system 
maintain a degree of independence from one another. Thus, removing one 
such element [which reduces the level of complication] does not fundamentally 
alter the system’s behavior apart from that which directly resulted from the 
piece that was removed. Complexity arises when the dependencies among 
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the elements become important. In such a system, removing one such 
element destroys system behavior to an extent that goes well beyond what 
is embodied by the particular element that is removed. Complexity is a deep 
property of a system, whereas complication is not. (p. 9) 
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as ‘draconian.’ See Merck Frosst Canada Inc. v. Canada [1998] 2 SCR 193, 
§ 33 (Can.). 

Roche Prods. Inc. v. Bolar Pharmaceutical Co., 733 F.2d 858 (EDNY 1984). 
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Future directions: testable 
hypotheses and evolution toward 
global pharmaceutical linkage* 


Abstract: This chapter wraps up the book by proposing a series of testable 
hypotheses based on findings up to this point and reviews the global evolution 
of pharmaceutical linkage. A cluster-based theory of drug development is 
developed based on our empirical observations gauged against loopholes in 
linkage laws that allow for the clustering of numerous drug products and 
related patents over time. The chapter ends with a description of the author’s 
participation in a global study of pharmaceutical linkage. A major goal of this 
work is to investigate the structural and functional aspects of different 
systems of pharmaceutical linkage in different jurisdictions, and their 
relationship on the one hand to drug availability costs and expenditures, and 
incentives for innovation and protection of intellectual property rights on the 
other. 


Keywords: cluster-based drug development, global pharmaceutical linkage, 
structure-function analysis 


There are two aspects to the final chapter. The first is to propose a series of 
testable hypotheses for future empirical research regarding linkage-based 
drug development and the implications thereof for generic entry and access 
to essential medications. A second is to identify a framework for the 
analysis of global pharmaceutical linkage as these regimes exist independently 
and the manner in which they combine to form a global regulatory 
framework. 


* This chapter is based upon material in R.A. Bouchard, ‘I’m Still Your Baby: Canada’s 
Continuing Support of U.S. Linkage Regulations for Pharmaceuticals,’ Marquette Intellectual 
Property Law Review 15(1): 79-146 (2011). 
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First, a theory for linkage-based pharmaceutical innovation is developed, 
whereby discrete provisions in linkage laws allow for the development of 
‘product clusters.’ These clusters are comprised of an evolving number of 
follow-on over time drugs centered on a single or small number of new and 
innovative drug(s). Products are surrounded by a constellation of patents 
which are interconnected between products by a combination of traditional 
infringement law and newer forms of linkage laws. 

The second hypothesis is that changes in drug approval, patenting, patent 
listing, and other related metrics over time can be incorporated into a series 
of three-dimensional (3-D) spatio-temporal models. Models of this nature 
would allow for the visual identification and quantification of product clusters 
and the manner in which they evolve over time to chill generic entry. 

A third hypothesis is proposed whereby the most innovative products are 
not associated with the greatest number of drug approvals, drug patents, or 
related chemical components, as currently anticipated under many theories 
of patenting. Rather, an alternative scenario is proposed where the most 
innovative drugs begin their lifecycle with very few associated approvals 
and related patents and grow only with vetting by regulators and the market 
over time into progressively larger and less innovative product clusters. 

A fourth and related hypothesis is articulated whereby product clusters 
may, under certain conditions, yield a ‘paradoxical drug approval-drug 
patenting linkage,’ where the largest scope of market exclusivity (and hence 
delayed generic entry) is associated with the lowest degree of innovation. 

The author is also participating in a global study of pharmaceutical 
linkage regulation. In the second portion of the chapter, a novel ‘structure- 
function’ framework for the analysis of global linkage regulations is 
outlined, along with potential lessons for jurisdictions that already have or 
are contemplating bringing in some form of pharmaceutical linkage. 


7.1 Hypotheses regarding cluster-based drug development 
7.1.1 Hypothesis | 


The data, law and policy reviewed in this book demonstrate that 
pharmaceutical linkage creates a specific and empirically observable legal 
nexus between drug approval, drug patents, and patent litigation. As 
illustrated by the results reviewed in Chapters 3-5 above, the nature and 
scope of this nexus can profoundly shape market entry for brand-name and 
generic drugs, and thus access to essential medications. The scope of the 
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legal nexus between patent law and food and drug law depends on at least 
four discrete mechanisms provided for by law: (1) the type of drug 
submission; (2) the type of drug patent; (3) the legal standard for patent 
listing; and (4) how many patents are listed on the patent register. As such, 
the nexus can be broad (weak) or narrow (specific). The lower the 
evidentiary standard for new or follow-on drug approval, the easier patents 
are to come by, the easier it is to list patents on the patent register, and the 
more patents that can be listed on the patent register, the weaker the legal 
nexus between approval and patenting. 

The first testable hypothesis is that the discrete legal mechanisms 
underpinning the linkage regime as they operate in tandem with the 
evidentiary requirements for drug approval provide an excellent vehicle for 
the development of ‘product clusters.’ The cluster model grew out of our 
analysis of the convergent and linear patent tree methodologies used for 
analyzing multi-generational drug families such as those illustrated in 
Figures 7.1 and 7.2. As discussed below in the context of Figure 7.3, the 
patent tree analysis was modified to include not only a time element (A time) 


Figure 7.1 Example of convergent patent tree analysis for fourth-generation 
product Advair Diskus®. 


Patents were identified using the specific and general search strings described in Chap- 
ter 5. In addition to quantifying patents per drug, the patent tree method allows assess- 
ment of how specific drugs evolve into related drug forms or (in this case) drug products 
representing combinations of known drugs. In addition, the analysis allows for identification of 
relevant patent types based on the classification nomenclature described in Chapters 2—4. 
Finally, the analysis is open to the inclusion of data relating to the type of patents granted to 
pharmaceutical companies (Chapter 5) as well as the listing of such patents on the patent 
register in order to prevent generic entry (Chapters 4—5). 
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Figure 7.2 Example of linear patent tree analysis for second-generation product 
Nexium®. 


Patents were identified using the same specific and general search strings and have the 
same advantages and properties as the ‘convergent patent tree’ illustrated in Figure 7.1. 


New 
Drug 
Follow-On 
Drug 
Originating 
e Patent 
© 
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Follow-On 
Patent 


Listed 
Patent 


A time 


Figure 7.3 Hypothetical product cluster-based model of drug development. 


Product clusters begin at some point in time with the first new and innovative drug (¢; NCE) 
and associated originating patent (¢). With time, and vetting by the market and regulators, 
further follow-on drug approvals (®) and patents (©) are granted within the cluster, and an 
increasing number of these patents are listed on the patent register (¢). Listed patents can 
be used increasingly over time to prohibit generic entry not only on the originating new and 
innovative drug, but also on all drugs in the cluster that are deemed under law to be relevant 
to the originating drug. 


but also a cumulative market exclusivity element (£ ) and 
provision for listing patents on the patent register. 

As illustrated in Figure 7.3, product clusters are hypothesized to be 
comprised of an expanding number of new and follow-on drugs over time 
centered on a single new and original drug. Products in the cluster are 
surrounded by a constellation of patents, all of which are interconnected 
between products within a given cluster through different forms of patent 
law. These patents serve two primary functions. First, they provide support 


Market Exclusivity 


Future directions 247 


for follow-on drug development within the cluster via traditional infringement 
law operating in tandem with food and drug laws. Second, via newer forms 
of linkage laws, they provide fodder for listing on the patent register in 
order to delay generic entry. Importantly, generic entry may be delayed not 
only for the original new and innovative drug, but also for all other follow- 
on drugs in the cluster for which the patents are deemed legally relevant. 

The capacity of product clusters to delay generic entry is a specific function 
of patent law operating in conjunction with linkage law and food and drug 
law. The greater the number of patents granted, the greater the number of 
new and follow-on drugs approved, the greater the scope of patent 
classifications per patent, the greater the number of patents permitted to be 
listed on the patent register, and the lower the relevance standard for listing 
patents against a given reference product, the greater the ability of patents to 
support a long-term product cluster. It is expected of course that different 
clusters will have different spatio-temporal characteristics, for example 
whether they represent clustering within or between brand-name firms or 
whether there is a single or small number of truly new and innovative drugs 
per cluster. Having said this, the clustering effect of follow-on drugs and 
associated patents and listed patents over time remains a central theme. 

Perhaps more importantly, our data suggest that it may be the sum of the 
interactions between multiple drugs and multiple patents in clusters over 
time that most effectively chills generic entry and increases public health 
costs. As noted by Kingston,! rational investment in a portfolio of relatively 
high-risk products becomes increasingly so in the pharmaceutical sector 
when the risk attaching to the portfolio as a whole is statistically lower than 
that of the more risky individual components. Such investments are even 
more attractive when patents are easier to come by and defend, and where 
drug development strategy is focused on rational drug design rather than 
drug screening. Patent portfiolios have also been described by Polk Wagner 
and Parchomovsky,? who observed that the right to exclude conferred by a 
collection of related patents under common control is essentially equivalent 
to the sum of individual patent rights.’ 

Our findings are consistent with the notion of patent portfolios, and 
extend the concept to include not only patents, but also multiple clusters of 
patents and related products and patent listing. Our data support the 
conclusion that such clusters arise as a function of food and drug law 
operating in conjunction with traditional patent law and newer forms of 
linkage laws. Similar observations have been made in the European Union 
where certain provisions in domestic patent laws and food and drug laws 
of Member States have been effectively gamed by brand firms to create a 
kind of ‘ghost linkage’ system of drug regulation.* Given that linkage 
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allows firms to do formally (and up front) what they must expend greater 
time and resources to do informally (around the back end) in jurisdictions 
without linkage, it may be said that pharmaceutical linkage may well 
present the ‘path of least resistance’ to cluster-based drug development. 
This helps to understand why similar patent and drug development 
strategies are being leveraged in jurisdictions with and without linkage 
regimes; nations cannot simply opt out of effective linkage without going 
out of their way to ensure systems of ghost linkage are not permitted. 

The convergence of results of this nature in Canada, the United States, 
the European Union and other nations suggests that cluster-based drug 
development has become an increasingly entrenched component of the 
global innovation landscape relating to pharmaceuticals. In this light, it 
would be valuable to develop an evidence-based model of innovation under 
linkage laws (as well as in jurisdictions with ghost linkage) that empirically 
identifies the scope of functional legal linkages between different drugs, 
patents, and listed patents in product clusters, and how these linkages 
combine (and re-combine) over time to potentially alter drug development, 
drug pricing and reimbursement, the timing of generic entry, and access to 
essential medications. 


7.1.2 Hypothesis Il 


A major advantage of the product cluster model is that there is, in fact, 
considerable empirical evidence available for study, including the various 
types of new and follow-on drugs, patents, patent classifications, listed 
patents, related litigation, as well as the relation of these metrics to one 
another over time. This wide array of empirically observable metrics and 
the observation that they change over time sets up the possibility that, akin 
to the development of 3-D models of protein folding and X-ray 
crystallography, the data can be expressed in the form of 3-D spatio- 
temporal models. Analogous to models in the basic medical sciences, 
product cluster models should allow stakeholders such as politicians, law- 
makers, the judiciary, and scholars to first identify and then track the 
evolution of product clusters over time, with regard to both their structure 
and function. In this manner, ‘rotational’ 3-D cluster models would be 
particularly useful to enable visual and numerical quantification of the 
impact of clustering on drug development, generic entry, and access to 
essential medications in the same manner that one might look at a car from 
behind (highlighting the ‘gas tank,’ or original drug product and associated 
patent tandems) as well as from the side (from the rear to the front of the 
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vehicle, underscoring how and when approvals, patents, and listed patents 
increase over time with market and regulator vetting). 

In a best-case scenario, product clustering data could be paired with 
objective evidence of the level of innovation and social benefit associated 
with various follow-on drugs in the cluster, allowing for weighted algorithms 
to be created for pricing and reimbursement purposes. Such algorithms may 
also provide an evidence-based empirical indicator of the need by 
governments to fund high-risk research and development activities by 
pharmaceutical companies. As with any good tool, the knowledge gained 
from this type of analysis has the potential to help all relevant stakeholders 
in the public health arena in the exercise of their various mandates. 


7.1.3 Hypothesis III 


A third testable hypothesis emanating from the work reviewed in Chapters 
3-5 relates to the evolution of product clusters over time, particularly with 
respect to the level of innovation associated with growing clusters of 
pharmaceutical products and patents. Up to this point in time the majority 
of pharmaceutical policies and certainly the lobbying efforts of multinational 
drug companies have been focused on the incentives provided for high-risk 
drug development in the form of patent rights. In order to assess innovation, 
most studies and government reports over the last two to three decades 
have employed methods for counting patents, prior art cites and related 
litigation statistics, but a coherent evidence-based model for qualifying 
intellectual property associated with pharmaceutical products has not yet 
been articulated. 

Using data such as those described in Chapters 3 and 4, we have made 
strides towards developing a qualitative innovation index for 
pharmaceuticals.’ The index reflects the drug development priorities 
identified by Canadian and other federal and regional drug regulators over 
the last decade. The index is also intended to reflect the height of the 
evidentiary hurdles over which brand and generic drug companies much 
step in order to successfully obtain regulatory approval for the various 
types of new and follow-on drug classes elaborated in Chapters 3-5. 

One of the implications of our preliminary results is that the greatest number 
of drugs approved and patents associated with these drugs are in classes with 
very low levels of innovation (line extension drugs (SNDS), and in particular 
SNDS me-too drugs). This is not surprising given the data in Chapters 3 and 
4, particularly the very low levels of truly innovative drugs described using the 
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methodology developed in Chapter 4. What is surprising, however, is that the 
most innovative drugs have by far the lowest, rather than the highest, number 
of patents and related chemical components. Thus the greatest numbers of 
approvals and associated patents are awarded for the products with the lowest 
levels of innovation. Conversely, the lowest number of approvals and associated 
patents are associated with products with the highest innovation index values. 
This can be seen in the preliminary data for approvals for a cohort of 2,087 
drugs presented in Figure 7.4. Data are represented by symbols, showing an 
exponential decline in the number of drugs approved in higher innovation 
index bins. The drugs clusters denoted ‘on deck’, ‘at bat’, and ‘home run’ 
represent a theoretical mock-up of how drug clusters grow in time from a 
spatio-temporal perspective. These results are somewhat surprising, as 
traditional patent theory would suggest that the greater the level of innovation 
associated with a given product, the greater should be its level of intellectual 
property protection and social development. 

As noted above, the empirical results reviewed in this book taken in 
combination with theoretical and empirical studies conducted on drug and 
patent clusters in the United States and European Union suggest that 
cluster-based innovation may be an increasing feature of the innovation 
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Figure 7.4 Hypothetical cluster-based drug development and hedging. 


Product clusters are hypothesized to begin life at the most innovative end of the spectrum, 
with few patents and a small or negligible number of listed patents. Over time, and increased 
vetting by regulators and the market, the cluster expands to include more products, patents 
and listed patents but, as a whole becomes less and less innovative. The desired end point 
(the ‘home run’) is a substantial but low-level cluster with numerous products, patents and 
listed patents, and the widest scope of market exclusivity and cumulative patent protection. 
Prior to this point, clusters are ‘at bat,’ as they reach a critical state prior to moving into 
an expanded spatio-temporal state or merely ‘on deck’ as firms await critical regulator and 
market vetting. 
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landscape relating to pharmaceuticals. A primary characteristic of cluster- 
based drug development is that clusters must begin their spatio-temporal 
growth at some point in time. Given this necessity, a third testable 
hypothesis is to investigate whether, as illustrated in Figure 7.4, product 
clusters begin their life as single-drug products or small groupings at the 
most innovative end of the index and, with increased vetting of products in 
the cluster over time by regulators and the market, grow in scope to 
encompass an increasing number of products and patents. As this occurs, 
the cluster may be anticipated to ‘swing up and to the left’ of the innovation 
index, moving from a high level of innovation with a low number of 
patents and listed patents to first a moderate and then a much lower level 
of innovation but with greater spatio-temporal characteristics. 

If borne out by empirical data, an emphasis by pharmaceutical firms on 
cluster-based product development would represent a comparatively risk- 
averse form of hedging by pharmaceutical firms, hence its identification 
with patent portfiolos rather than the high-risk/high-reward innovation 
that is desired by the public and presumably is at the heart of the patent 
bargain. As suggested in Chapter 5, we argue that the pharmaceutical 
linkage regime not only represents the path of least resistance to product 
clusters, but that this scenario has developed as a result of firms aiming 
ex ante at legal targets which provide the most return on investment rather 
than the most benefit to the public where the two do not coincide. The legal 
target is offered by the unique overlap between patent law and food and 
drug law in the form of pharmaceutical linkage, more specifically the 
iterative effect of the ease of obtaining (1) patents, (2) new and follow-on 
drug approvals, and (3) patent listing on the patent register. 


7.1.4 Hypothesis IV 


The fourth, and final, testable hypothesis is that product clusters may have 
particular relevance for loopholes within the linkage regime that allow for 
what was referred to in Chapter 5 as a ‘paradoxical approval-patent linkage.’ 
The paradoxical nature of the drug approval-drug patenting nexus refers to 
the situation where multiple line extensions occur within a cluster that in turn 
are allowed, via a combination of the multiple patent listing provision under 
linkage law and low evidentiary standard of approval for new and follow-on 
drugs under food and drug law, to extend market exclusivity not only on the 
original new drug form, but also on all other chemically related drug forms 
against which they may be listed on the patent register over time. 
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Figure 7.5 Paradoxical drug approval-drug patenting nexus. 


Left and right axes represent increases (profit) and decreases (welfare) in firm profits and 
public welfare resulting from an increase in market exclusivity associated follow-on drug 
product clusters as the number of line extensions and cumulative patent protection for the 
product cluster increase. Both profit and public welfare are assumed for the sake of simplicity 
to change linearly from the origin. The upward arrow represents profit whereas the downward 
arrow represents public welfare. The graph indicates that increases in the duration of market 
exclusivity (and hence monopoly pricing) on drug clusters with little public welfare benefit 
yield an increasingly paradoxical relationship between the scope of patent protection per 
cluster and the degree of social benefit associated with that protection. 


As illustrated in Figure 7.5, as the number of follow-on drugs in the 
cluster grows over time, so too does cumulative market exclusivity and 
innovator firm profit. The maximum point of inefficiency occurs when the 
product cluster has a very long duration of cumulative market exclusivity 
with little or no therapeutic benefit to the larger population compared with 
the original pioneering drug on which the cluster is based. This is referred 
to as the most ‘paradoxical’ drug approval-drug patenting nexus from a 
public policy perspective because the two goals of pharmaceutical linkage 
are to increase the production of new and innovative drugs and to facilitate 
timely generic entry. Both goals are frustrated with increased market 
exclusivity on poorly innovative clusters. Any move away from the point 
where the special provisions of pharmaceutical linkage to provide enhanced 
intellectual property protection for older blockbuster drugs is no longer 
balanced by a proportional benefit to society under the patent bargain is 
thus deemed to be paradoxical.® There is some analogy here to the dead 
weight loss problem for pharmaceutical products that are largely the result 
of publicly funded medical research conducted by university researchers.’ 
Given that empirical data are only beginning to be reported, this clustering 
effect may present a more substantial barrier to generic entry than 
previously recognized, and it is not clear whether generics are being 
adequately compensated for taking on the risk of litigation. 
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An important element of empirical work on product clusters as described 
here and elsewhere will be to assess clustering data before and after critical 
amendments to linkage laws, such as those aimed at reducing the automatic 
stay from many to one per reference product and narrowing the scope of 
listable patents from those generally on a marketed drug to those only 
relevant to the specific drug submission against which they are listed. This 
will allow law-makers and other stakeholders to assess the legal, economic, 
and public policy efficacy of discrete law reform efforts. 


7.2 Globalization of pharmaceutical linkage 


As noted at the outset in Chapter 1, prompt and affordable access to essential 
medicines is a significant component of most domestic and global models of 
public health. The availability and costs of new and generic drugs is a 
function of traditional patent law incentives and emerging linkage regulations.’ 
Patent law is a well described,’ if controversial,!° ‘policy lever’ for stimulating 
the development of new drugs." As discussed throughout this book, linkage 
regulations tie generic drug availability to existing drug patents by connecting 
approval to the resolution of patent validity or infringement,!? potentially 
resulting in long and costly litigation.!3 While the patent system has been in 
operation for about 500 years,!* the linkage regime has only been in existence 
for about 25 years following the passage of the Hatch-Waxman Act in the 
United States in 1984! and the Canadian NOC Regulations in 1993.16 
Importantly, the objective of linkage in both originating jurisdictions was to 
balance the competing policy goals of stimulating the development of new 
and innovative drugs and the timely entry of generic drugs.!” 

Based on the above, we see that, especially when compared to the patent 
system, the linkage regime represents a novel and emerging intellectual 
property paradigm for protecting pharmaceutical inventions. Even so, by 
2011, we are witnessing the rapid spread of the linkage regime on a global 
level. This is due to the rapidly escalating growth in the number of 
multilateral and bilateral free trade agreements with the US.!8 These 
agreements often require participating nations to incorporate linkage and 
other intellectual property provisions in exchange for preferential trade 
terms.!? As many such agreements are negotiated outside the purview of 
the World Trade Organization (WTO) and provide stronger intellectual 
property protection for drugs than does TRIPS, they are often referred to 
as ‘TRIPS-Plus.’2° Suggestive of the strength of the multinational 
pharmaceutical lobby, the European Commission (EC) has recently reported 
numerous instances where member nations have attempted to institute 
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pharmaceutical linkage regimes even though EU law prohibits this form of 
intellectual property law.?! 

The implications of pharmaceutical linkage for global public health are 
immense. As reviewed in Chapters 3-5 and section 7.1 above, there is 
growing empirical evidence to suggest that pharmaceutical linkage can 
substantially extend cumulative patent terms for high-value drugs. These 
results are consistent with early predictions of the impact of linkage by 
Schondelmeyer,”? based on his work with the originating US regime.” An 
additional concern is that the extension of market exclusivity on brand-name 
drugs occurs even though up to 50-75% of the patents challenged on the 
merits may be invalid or not infringed by the generic equivalent.** 
Pharmaceutical linkage creates a conflicting system where governments with 
linkage regimes that limit the timely appearance of generics also depend on 
these firms to produce cost-savings and limit the growth in pharmaceutical 
expenditures.” A related issue is that costs of prolonged litigation are known 
to be passed on to consumers,” with differential costs to governments and 
the public in accordance with their system of drug reimbursement,” public 
health,?° public-private discourse,”? and health equity.°° 

Considerations such as the foregoing must, of course, be balanced 
against the widely accepted need for innovative drugs in developed and 
developing nations, the presumption favoring the validity of patents in 
most developed nations,*! as well as the notion in law that if the state 
grants a party an exclusive right, it cannot grant another party permission 
to invade that right without just cause. For this reason the twin policy goals 
underpinning linkage are said to be ‘competing’ in nature. 

In addition to shaping the marketplace for brand-name and generic 
drugs, intellectual property protection for pharmaceuticals, including 
linkage, has become a controversial cog in the global machine of providing 
individuals with essential medications, in developed** as well as in 
developing? nations. Canada, like many developed nations, has attempted 
to play a key role in the global effort to provide underserved populations 
with essential medications through its Access to Medicines Regime,** but 
with less success than anticipated.*> Moreover, and perhaps more 
importantly, up to this point effort has been focused primarily on the limits 
of traditional patent law, with emerging forms of patent and other 
regulatory protection receiving considerably less attention. A related 
observation is that while the concept of pharmaceutical linkage is relatively 
new compared to the patent system, there is already significant pressure to 
broaden it beyond drug approval to include linkage between patent rights 
and other regulatory aspects of drug approval and marketing.*” 
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One of the major implications of the empirical research reviewed from 
Chapters 3-5 is that inclusion of linkage in a nation’s basket of international 
trade obligations may present a more expansive notion of patent protection 
for drug products than previously recognized, particularly when gauged 
against the relatively narrow nexus originally envisaged between drug 
patents and the marketed products against which they are listed.** For 
example, the EC Pharmaceutical Sector Inquiry*? has articulated a broad 
definition of pharmaceutical linkage, including linkage of patent status to 
the following: formal legal proceedings between parties, patent settlements, 
interventions before national drug regulators regarding market approval, 
drug pricing, and reimbursement.4° An evolving landscape such as this 
raises the question of whether the pharmaceutical industry is using linkage 
as an emerging stepping-stone in its efforts to control the movement of 
drugs across international borders. Moreover, a growing number of legal 
disputes have been reported whereby countries without linkage regulations 
have attempted to import or export drugs where shipments are seized by 
other nations alleging that these shipments are in violation of domestic 
patent laws linked to international trade instruments,*! such as TRIPS or 
other FTAs.*2 

Owing to the confluence of the events reviewed above over time, linkage 
regulations in respect to therapeutic products have quietly emerged as a key 
driver of public health costs and medical product regulation on the global 
stage, both for developed and developing nations. 

The author is a member of a global network of intellectual property and 
health policy scholars, economists, and practicing lawyers , who have come 
together to study global pharmaceutical linkage regulation.*? When the 
group began its work, the obvious question to ask was, what should the 
focus be of future research on pharmaceutical linkage as it evolves over 
time from its North American roots? We noted with interest that the study 
of structure-function relationships in living systems, at both the micro and 
macro levels, has served the life sciences especially well over the last century. 
Structure-function analyses in the life sciences have led to numerous key 
insights into molecular, cellular, tissue, organ, and whole-body functioning 
over the last half-century. For example, structure-function studies have 
yielded detailed descriptions of drug, chemical, and hormonal receptors, 
cell membrane and intracellular constituents, second messenger systems, 
and chemical and hormonal mediation of intra- and inter-organ function. 
More recently, functional imaging techniques have revealed a remarkable 
degree of brain plasticity in the context of congenital and acquired disease 
states, including under circumstances where dysfunction was previously 
thought to be permanent. 
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As demonstrated by pioneering work in general systems theory and 
systems biology over the last half century, the interaction between structural 
and functional elements in a system is bi-directional, that is not only does 
structure influence function, but function also influences structure. As 
discussed further below, this occurs through various feedback mechanisms. 
The structure-function paradigm applies fundamentally to law in two ways: 
first, because governments have specific legal and policy goals in mind 
when drafting law and regulations, and these goals are expressed in the 
form of discrete legal and regulatory language; second, because policy goals 
and the statutory language employed by governments and administrative 
bodies are reviewable by the courts in judicial review and other proceedings 
and are often revisited by governments in the context of their law reform 
efforts. 

The rapid spread of pharmaceutical linkage worldwide offers a unique 
and time-sensitive opportunity to carry out empirical work on the system 
as it evolves globally from its original locus in North America. A major goal 
of our work on global pharmaceutical linkage will be to investigate the 
structural and functional aspects of different systems of linkage regulations, 
and their relationship on the one hand to drug availability costs, and 
expenditures, and incentives for innovation and protection of intellectual 
property rights on the other. 

As in other complex political and economic systems,** the pharmaceutical 
linkage system is assumed to have structural and functional characteristics that 
can be identified and measured, and which in turn can serve as appropriate 
benchmarks to assess the performance of the system relative to its goals and 
objectives. Key decision-makers, pharmaceutical firms, the courts, patent 
counsel, consumers, and other actors are assumed to interact in domestic and 
global networks through reasonably well defined channels of communication.** 
As in other complex political and economic systems, this network is assumed 
to have structural and functional characteristics that can be identified and 
measured, and which in turn serve as appropriate benchmarks to assess the 
performance of the system relative to its goals and objectives. 

The specific basket of legal checks and balances in a given linkage regime 
is pivotal, as it determines not only how a complex system of pharmaceutical 
regulation begins operating de novo following the coming into force of law, 
but also how it evolves over time to yield demonstrable empirical results. It 
has been previously shown, for example, that the behavior of dynamic legal 
systems,‘ including how systems learn, self-regulate, and adapt and grow,*8 
is strongly influenced by positive and negative feedback.*? Positive feedback 
is feedback that results in growth or amplification of a particular process 
or group of related processes whereas negative feedback results in a 
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tamping or slowing of a particular process or group of processes. Studies of 
complex social, biological, and technological systems have shown that the 
unintended consequences resulting from feedback have the potential to 
force a system away from operating at or near the point of efficiency.°° 

The term ‘structural’ is used to refer to the broad administrative, legal, 
and policy attributes of the linkage regime in differing jurisdictions as these 
represent the initial starting conditions for the operation of local linkage 
regimes. The initial starting conditions, as in dynamical physical systems,*! 
represent the sum of the political, economic, and public policy conditions 
that together form the ‘take-off’ point for a new law and the conditions in 
which it begins to operate. The structural aspect also encompasses the 
specific legal mechanisms that drive the operation of linkage regimes in 
various jurisdictions. Identifying the structural attributes and mechanisms 
of individual linkage systems is important, as they provide the benchmark 
from which to assess the successes and failures of each system in operation 
and their potential to combine to form a global regulatory regime. 

Our work thus far has identified a number of important structural 
aspects of pharmaceutical linkage, including: assessment in each jurisdiction 
of the original policy intent underpinning the linkage regime; the manner in 
which public health policy and economic policy is perceived by governments 
and the courts to converge or diverge through the linkage vector; the legal 
checks and balances found within the linkage regime designed specifically 
to maintain balance between the interests of brand and generic firms; the 
provisions in addition to linkage that were included in enabling legislation; 
and the growing expansion of the linkage concept beyond the drug 
approval-drug patenting nexus to encompass that between patenting and 
international trade mechanisms as well as how pharmaceutical linkage is in 
the process of informing the construction of new laws pertaining to follow- 
on biologics. 

By contrast, the term ‘functional’ is used to refer to the outputs of the 
regulations in each jurisdiction as well as how they functionally interact 
across borders to operate as a global regulatory regime. The functional 
aspects of a system reflect the behavior of the system as it evolves with time 
away from the initial starting conditions.’ The functional aspects identified 
for study include: the impact of linkage regulations on the development of 
new and innovative drugs; the manner in which this is balanced by the 
timely entry of generic drugs; the degree to which market exclusivity is or 
can be extended solely by operation of the linkage regime; how brand firms 
use the linkage system in order to extend market exclusivity on high-value 
drugs; the costs to consumers or other payers of extended exclusivity; the 
costs of extended exclusivity based on patents that are ultimately found to 
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be invalid or not infringed; the impact of differing mechanisms of regulatory 
oversight on drug pricing and reimbursement; and the role of empirical 
studies for the legitimacy of linkage regulations. 

A significant advantage of a global approach to studying pharmaceutical 
linkage is that investigating linkage in different jurisdictions allows for both 
an investigation of the structural and functional characteristics of local 
linkage regimes with different initial starting conditions and different legal 
mechanisms of operation, and the identification of general rules of linkage 
as the different national forms of linkage interact and influence global 
pharmaceutical regulation. The former provides a descriptive mechanism 
for assessing the successes and failures of different regimes, while the latter 
provides a prescriptive approach for key decision-makers to revise, institute, 
or abolish linkage regulations according to the goals and objectives of 
differing nations. 

Different economic, public health and political systems are expected to 
present a different set of initial starting conditions not only for the de novo 
operation of linkage regulations in each jurisdiction as they come into force, 
but also for the manner in which these systems evolve, grow, and adapt to 
changing conditions over time. Indeed, our research suggests substantial 
differences between jurisdictions in this regard and that these differences may 
be fundamentally responsible for the opposition of certain nations to 
pharmaceutical linkage and the varying degrees of success of those employing 
them in achieving the twin policy goals of linkage to encourage the 
development of innovative drugs while also facilitating the timely entry of 
generic drugs and access to essential medications. 
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